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The research work described in this thesis deals with the identification and the 
quantification of solid samples by transmission infrared spectrometry . 
Part I is concerned with a new approach to the identification of samples using JR 
spectrometry . For this purpose，a coding and a library search systems for ER spectra 
have been developed. 
hi this coding system，the concept of effective peak is defined . Through a 
procedure for feature extraction，the ER spectral data for peak positions and intensities of 
effective peaks are extracted which build the forms of identification . The intensity of 
each effective peak is treated as a proportion of the total intensity rather than as an 
absolute amount . The relative amount of the intensity is defined as an effective peak 
normalization factor . bi the library search system , an effective peak matching method is 
developed and t-test is used to judge the difference between two spectra . On the basis of 
the matched result，the similarity score between the sample and the target spectra is 
specified . The searching strategies of identical，similar，forward and the proposed 
modified reverse search are used for different types of samples . 
The proposed method has been applied to the identification of a number of 
pharmaceuticals and Chinese mineral as well as herbal drugs . The zero-order and 
derivative spectral data are used for building different types of JR spectral databases . 
A specific coding and library search system is developed for some Chinese mineral drugs 
with no apparent absorption peaks . 
The new approach introduced here offers a simple , reliable and objective method 
for the identification of sample by JR spectrometry , which makes possible a more 
systematic and international acceptable way to quality control of Chinese mineral and 
herbal drugs . 
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Part n is concerned with a new approach to the determination of solid sample by 
YK spectrometry . For this purpose，the derivative method using polyethylene as internal 
standard is proposed and developed . The attractiveness of the proposed method is that 
the internal standard is easily introduced and has successfully overcome the barrier for 
applying internal standard method to routine analysis • Hence，the proposed method 
expands the scope of application of internal standard for analysis of solid samples . 
To process ER spectral data for quantitative analysis，an IRQA software for 
general and the proposed methods is proposed and applied to the determination of real 
samples . The proposed ER.QA has the ability to obtain simultaneously much quantitative 
information in each determination and it can be expected that the W.QA software can aid 
the analyst to choose better analytical parameters . 
The proposed method with the proposed HlQA software has been successfully 
applied to determine Chinese mineral drugs and iron-containing inorganic mixtures • 
The assay results confirm the reliability of the proposed method and the developed IRQA 
software . It can be anticipated that the proposed method may be used to more complex 
quantification in the presence of serious intereferences . 
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Infrared (Hl) spectra not only give considerable information on the structural features， 
but also provide "fingerprint" ofmolecules . The adoption of JK spectroscopy by chemists 
is not a simple process . Chemists took nearly fifty years to realize the importance of the 
spectra-structure correlations . Although Coblentz had published his exceUent coUection 
of the JK spectra of 135 organic compounds in 1905 [1], one of the first commercial JK 
spectrometers was only developed in the early 1940's [2]. A major , dramatic change of 
m spectrometry occurred in mid 1980's . This change is largely a result of the rapid 
commercial development of the Fourier transform infrared ( F m ) spectrometer. The 
development of FHR spectrometers began with the invention of the two-beam 
interferometer by Michelson in 1891 • Around 1950，two key discoveries were made[3]. 
The first was the recognition by FeUgett that information from all spectra elements is 
simultaneously measured with an interferometer，which makes a FHR spectrometer has 
much higher signal-to-noise ratio than a grating or prism spectrometer The second 
discovery madeby Jacquinot was that more power can be put through an interferometer 
than through a grating spectrometers whose power through is Umited by the area of the 
entrance slit[4] . The Fellgett and Jacquinot advantages combine to form the essential 
basis for the improved performance o f F m spectrometers over monochromators . 
Conventional spectroscopy of the dispersion can be termed frequency domain 
spectroscopy . Time domain spectroscopy ofthe Michelson interferometer , in contrast， 
is concerned with changes in radiant power with time [5]. Lord Rayleigh realized that by 
using the Fourier transform method time-dependent fluctuations can be broken down 
into sine waves that represented the contributions for individual wavelengths of lights 
[6]. Thus the spectrum is the Fourier transform ofthe fluctuating electromagnetic field • 
By the late 1960s , two technological developments were made and were beneficially 
applied to the field o f F H R spectrometry • These were the minicomputers and smaU gas 
1 
lasers . The minicomputer aUows spectra to be computed directly after measurement ofthe 
interferogram . Helium-neon lasers are used to monitor the travel of the moving 
interferometer，permitting interferogram to be digitized at precisely equal intervals and 
giving an internal wavenumber standard for all measurements. By the middle-1980s，Fm 
spectroscopy was weU estabUshed，and with its advantages of reUable，powerful and 
affordable instrument for measuring spectra at high signal to noise ratio . 
a spectroscopy has long been accepted as one of the best methods for quaUtative 
analysis [7]. The unique fingerprinting and identification ability provided by an JK 
spectrum results from the fect the peaks in the spectrum correspond to vibration models 
that are characteristic of the complete molecule and to other models that are directly 
related to the fundamental vibrations of specific function groups . This combination of 
group frequencies and the "fingerprint" region in Hl spectra has made the comparison of 
an unknown spectrum to a standard spectrum from a reference material to be a c o _ n t y 
accepted method for identification 
Although an JK spectrum gives useful information for the determination of the 
chemical structure of an unknown sample，it is not easy for a beginner to interpret the 
n i spectrum . The procedure ofinterpretation needs some professional knowledge and 
plentiful experience . Although it is difficult to deduce the chemical structures based on 
n i spectra alone ’ it is possible to identify compounds if the spectra of the reference 
compounds are known，or in most cases to differentiate compounds with different 
chemical structures using JK spectroscopy . As JR spectra are practicaUy impossible to 
be predicated [8], qualitative m analysis is usually performed by direct comparison of 
the spectrum ofthe sample with that of an authentic sample . However，m spectra can 
be very complex with a large number of absorption bands at various positions with 
varying intensities and shapes，making interpretation of JR spectra a difficult and time 
consuming task . To shorten analysis time or to reduce the dependence on expert 
knowledge，computerization of the interpretation process has been a subject of 
investigation for many years，and several coding and searching systems for lR spectral 
data have been proposed for this purpose . The present investigation constitutes a part 
ofthese continuing efforts. 
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la order to put these development into perspective and to provide a framework of 
reference for discussions to be presented in this thesis，some of coding and searching 
systems are briefly reviewed in this section . 
1.1 Manual m spectra searching systems 
1.1.1 Name index system 
For the rapid identification of a known sample it is essential to search the 
corresponding reference spectra for visual comparison . This method is often used for 
quaHty control . The Aldrich library of FT-Dl spectra [9]， the atlas of infrared 
spectra of drugs for Chinese Pharmacopoeia [10] and the reference JK spectra coUected 
in British Pharmacopoeia [11] belong to this system . 
1.1.2 Absorption band index system 
The collections of spectra are arranged by wavenumbers of absorption peaks in the 
system . The different tolerances ofwavenumbers are usuaUy given in the systems . The 
systems sometimes may be used for the identification of unknowns . The spectra quality 
varies，depending upon the coUectors . 
Infrared band handbook [12] is one type of the absorption band index system . The 
handbook best serves those who wish to locate ER data quickly • The Sadtler handbook 
of infrared spectra [13] is another type of the system and it possesses a unique 
characteristic that the Sadtler Spec-finder system can be used for the identification of 
unknown compounds . The system provided a method of rapidly locating all of the 
reference spectra which have absorption peaks similar to those of an unknown spectrum . 
1.1.3 Punched card system [14] 
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n i spectral analysis involves matching the spectrogram obtained from an unknown 
compound with several thousand spectrograms . The number，size , type ’ and location 
of reference spectrograms make this operation very time-consuming . This is reflected in 
widespread efforts to make use of punched card to reduce the time and labor involved . 
The first method for automatically retrieving reference spectra that are similar to an 
unknown is the punched card system [15] which is usefiil for small files，but too slow for 
large ones [16]. 
The very famous ASTM( The American Society for Testing and Materials ) is a type 
of punched card system . It was reported that the databank contained about 145,000 
spectra compiled between the early 1950s and 1974 [17]. ASTM distributes the punched 
card for searching , The system has some disadvantages . Since micron is used as the 
units the data are encoded to the nearest 0.1 micron unit，and when a peak is found to be 
between two 0.1 micron intervals，it is arbitrarily coded at either the lower or higher 0.1 
interval. It was reported that most ofthe spectra had been coded by volunteers [18]. As a 
result ’ there are numerous inconsistencies in the data .Furthermore，specific intensity 
data are missing . Jn spite ofthese shortcomings，ASTM file does provide useful results in 
many cases and has been used by many laboratories over the years 
1.2 Computer-assisted interpretation of IR spectra (CAIIS) 
Because ofthe need to handle the ever-increasing data of analytical instruments ’ the 
computer is becoming common-place in the chemical laboratory，and many computer 
applications are related to data acquisition , processing , and interpretation by 
mathematical，statistical or chemometric methods [19] . The incorporation of computers 
into analytical instruments has an overwhelming effect on the measuremental science : 
experimental control is improved ’ and interpretation of results is simplified . 
Spectroscopic methods are well adapted to being supported by a computer . Many data 
points have to be reduced to position and height . That is a typical problem of data 
processing . One of the more interesting area available for development in analytical 
spectroscopy is the generation of algorithms and software capable of interpreting JK 
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spectra [20] . With the generation of such software the computer can perform 
interpretation o f R spectra . The four fundamental approaches used in computer assisted 
interpretation of JR spectra are Hbrary search ’ pattem recognition，expert system and 
artificial neural networks . Among these method，the library search is the most straight-
forward [21]. 
1.2.1 Library search system 
A library search system facilitates the identification of an unknown compound from its 
spectrum by comparing it to each member of a file ofknown spectra. In order to be useful 
in practical appUcations a library system has to meet several criteria [22]. First of all，if 
the spectrum of the unknown at hand is part of the library，the system should be able to 
retrieve the respective spectrum .The process is defined as an identity search . If the 
unknown is not documented in the reference library ’ suitable reference compounds similar 
to the unknown should be retrieved . The process is defined as a similarity search . If the 
reference library does not contain any reference compound sufficiently similar to the 
unknown , the system should be able to inform the user of this fact . A Ubrary search 
requires a figure of merit to measure the similarity between the unknown and reference 
spectra . Furthermore，the system should be insensitive to variations in the spectra due to 
different sample preparations. 
1.2.1.1 Coding and searching system with only the position data 
Jn this category，the coding and searching of spectra is achieved by making use of 
only position data ofthe main absorption peaks in the spectra and most of them are based 
on the ASTM data file . This method was particularly fast (because only a few peaks 
were involved) but inaccurate . Anderson et al. [23] reported a computer search system 
for retrieval of JK data . To initiate a search，the request form was filled first • A 
maximum of 20 spectra terms and 15 chemical classification terms together with either 
melting or boiling point request can be used for a single search ( the tolerance is given 土 
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O.liim) . Erley [16] improved the method . First，the data entered have been programmed 
so that the chemist can run searches himself . In addition , the data entered may be 
conveniently altered if re-searching the file is desirable . Rann [24] proposed another 
method , The spectrum to be coded was divided into ten sections and each section was 
fUrther subdivided into ten . The code digit for each section was obtained by taking in this 
case the maximum absorbance of the curve within the section . Each spectrum was 
represented by a 10-digit number . The method of comparison used in this system was 
simply to sum the modules of the difference between the comparison digits taken 
sequentially，which was defined as the "error". 
These coding systems are rather crude as the same spectrum may be encoded with 
different representations . It is obvious most these systems can only mn an identity 
search. 
1.2.1.2 Coding and searching system with the position and intensity data 
In this category , the library search system utilizes not only peak positions of the 
absorption bands，but also intensities of the absorption bands . 
Penski et al. [25] have developed a search system for JK spectra including peak width 
and intensity , and a match sum for a pair of spectra was defined by the separation in 
wavelength of peaks，the weight of like peak match，and reduction factor for matches 
between unlike peaks . However，the intensities were dealt within a qualitative manner as 
numbers were used to indicate strong, medium or weak peaks and the weights were based 
solely on the authors' judgment. Fox [26] proposed a similar method . Jn this system，the 
intensities were also qualitatively classified as 1 for a strong intensity peak ( arbitrarily set 
at T<20%)，2 for a medium intensity peak ( 50%<T<20%)，and 3 for a weak peak 
(T>50%). 
Library search by a correlation coefficient method was proposed by Tanabe et al. 
[27] . However，it is necessary to keep the wavenumber shift below 3 cm"^  . Tanabe et al. 
[28-29] also proposed an algorithm ^QSS) for ASTM JK file search based on intensity 
data . In KISS , the input data were peak position, peak intensity and frequency ranges of 
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no-peak areas . All peaks were classified into five groups according to their relative peak 
intensities : Class 5 denoted the strongest peaks，where class 1 was the weakest . The 
equation of tolerance of peak position was given . The score for a hit spectrum was 
proposed . Tanabe et al. [30] again and again proposed another manner for coding 
intensity. The intensity was normalized to make the strongest peak to 100 , The region of 
wavenumbers was from 2000 to 670 cm] . Based on these，the scoring equation was 
given. 
Anacreon et al. [31] designed a computer-processing system to process and 
identify JK spectra where both frequency and intensity are considered . The system first 
anatysed a spectrum and suggested a list of possible structural units ’ and then based on 
these structural features，a library search was made for the best band-for-band matches . 
The intensity scale was expanded to make the strongest band equivalent to 1.5 
absorbance unit . In the method，the sample was scanned then the spectrum was 
smoothed • For this method，it was necessary that all spectra be formatted in the same 
way to ensure uniformity of data and a five-step procedure was necessary to process a 
spectrum for searching. 
Meyer et aL [32] developed a SUSY software package which comprised an JK 
spectrum library and a spectrum retrieval system , where the sample spectrum was 
normaUzed to the format with an absorbance range between 0 and 1，and the spectra 
collected in the library were recorded at their laboratory under the strictest quality 
specifications . Searching of a spectrum may be achieved by peak Ust comparison or 
spectrum comparison (point-to-point). 
Even when a positive identification is not possible by reference spectra of the 
library，valuable clues to the nature of the structure of the unknown compound are 
obtained by location of the most closely corresponding spectra [33]. This process is the 
f basis of the nearest neighbor decision rule[34].For this reason the library search and 
comparison scheme is probably the best approach [35-36]. Successful identification 
depends on the qualities of the unknown and references spectra , the completeness ofthe 
Ubrary，and the appropriateness of the comparison scheme used [37]. However，the 
system suffers from three drawbacks : (1) the search time required increases as the size of 
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the library increases ； (2) the storage space allocated for the libraty also increases as the 
library size is expanded ； and (3) missing data points in the libraty grossly affect the 
quality of the search [38]. 
1.2.2 Pattern recognition system 
Pattem recognition involves attempting to determine relationships between objects 
,The more similar the objects are, the more likely they are to be related . There are a large 
number of equations to measure similarity in pattem recognition system , Euclidean 
distance is a basic relation for the geometric distance between two objects . Other 
equation can be derived from the Euclidean distance [39]. 
The imprecision of spectra was reported by BlafFert [40] for identification of 
components by JR spectrometry . The identification procedure for ER spectra was treated 
as a pattem recognition problem . A fuzzy theory approach was proposed for interpreting 
component spectra that took into account the imprecise character ofboth reference and 
sample spectra . Based on fuzzy theory the spectra can be considered as blurred curves 
taken as fuzzy sets over the actual spectra . Characterization ofthese fuzzy sets is done by 
defining a membership function to the interval [0,1]. In fuzzy set, it is not only necessmy 
to confirm that whether the unknown belongs to a set or not but also to give a certain 
degree of membership . The degree of membership expresses at least a subjective 
estimate ofuncertainty [40] . Goss et al. [41] expanded previous studies by considering 
three variables : peak position , intensity and width . The results showed that for most of 
the sample spectra，a set of six compounds ,there was good agreement between the 
traditional hit quality index and the fuzzy methods . But for one sample the result offuzzy 
method was superior to that ofthe traditional method . 
Pattem recognition has been used cascading classifiers which have been trained to 
answer specific questions regarding the function group and structural constituent of the 
compound which produced the unknown spectrum. The exact pattem recognition cannot 
be guaranteed for each classifier. However, pattem recognition may find utility as a “pre-
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filter" to select likely candidates for a file searching scheme and thus decrease the 
interpretation time [37]. 
1.2.3 Expert system(ES) 
Automated spectrum interpretation by using expert system(ES) has gained an increasing 
amount of attention in recent years . An ES can be regarded as a special category program 
that seeks to perform expert task such as interpreting spectral data . ES can be described 
as consisting of three steps : (i) the translation of spectra data into structural fragment ; (ii) 
the combination of these fragments into complete structures ; and (ill) the prediction of 
theoretical spectra and comparison with the spectrum of the unknown . Some of them did 
via interpretation rules which were based on empirical determination of particular peak 
positions, intensities ,and/or width and the expert system involved the software of PAIRS 
[42] . Some of them did via training set and the expert system involved the software of 
EXPERTISE [8] . For this purpose, substructures were systematically generated from 
structures stored in the structure knowledge base. Tomellini et a1. [43] improved PAIRS 
software . Peak heights were assigned values between 1 and 10 , with 10 being the 
strongest peak in the spectrum . Peak widths can be sharp , average , or broad and 
assigned 1 , 2 , or 3 . For step (ii) , fragments are combined into complete structures , 
however , the correct solution to the problem might not be found [44] . The structure 
generation was tested with 20 compounds(acyclic) ; twelve of them were correctly 
identified, but for the other eight the system found a large chemical structure [8]. 
The ES has the advantages of not requiring a large library and of perfonning 
identification using chemical principles . At the moment , ES still operates as experienced 
novices rather than on the level of experts for most problems . Although ES may be used 
for rapid functional group classification ,this traditional application of IR spectrometry is 
often successful by visual examination alone . The ES requires a set of rules for each 
functional group in the form "IF-spectral-feature THEN functional group" . Unfortunately 
not all the rules necessary to interpret the IR spectra have been worked out [45]. On the 
one hand, the relationship between structure and spectral data are usually too complex to 
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be expressed as explicit equation . On the other hand , there are so many exceptions to the 
rules. 
1.2.4 Artificial neural networks (ANN) 
The words "neural networks" bring a hopeful vision to scientists who anticipate 
synthesis of artificial brain power by emulating the biological brain [19]. Artificial neural 
networks are thought to have the ability to "learn" during a training process where they 
are presented with a sequence of stimuli(input) and a set of expected responses( outputs) 
[46] . Now a new alternative approach for spectral interpretation has been taken into 
consideration using an artificial neural network which may be useful to mimic parts of the 
human process and to improve present interpretation program [47]. 
The interpretation of IR by means of artificial neural network (ANN) on a PC was 
reported by Meyer et al. [48]. The IR spectra data were used as input elements. 32 
functional groups defined as output elements of the network and one hundred spectra 
were selected as the training set. After some training sessions (total time 16 h) the output 
error were sufficiently low . In the ensuring prediction step 50 spectra of the prediction set 
were interpreted by the network . The average number of functionalities were 4.7 per 
compound. The percentage of correct prediction of functional groups was the 76.2 % . 
An iterative algorithm for the computation of specific spectra of the predefined structural 
elements from the network knowledge has been developed. Visser et al. [47] reported 
another method with visual characteristics of IR spectra by ANN . The classification was 
performed on (i) organic, inorganic and polyaromatic compounds ; (ii) organophosphorus 
and non-organophosphorus compound ; and (iii) alcohol, carbamates and terminal alkynes 
. In this method, peak tables with a certain threshold were obtained .Band intensities 
were defined to make the strongest peak as 100 . The experiments proved that the 
classifying potentials of ANN were related to the position and the intensity of the 
absorption band . The role of (a )symmetry of band was not yet clear and requires further 
study. 
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Although ANN is an exciting field for lR interpretation，most of the work was 
done to classify functional groups , skeletons and relatively small molecules . The 
disadvantages of ANN are that the success of the method depends on the availability of 
well composed training sets , and that the training of a ANN is time consuming . 
Over the last 30 years much effort has been devoted to the lR interpretation for the 
purpose of identification . Nevertheless it can be seen from the survey of the assessable 
literatures that these different methods still need improvement and new approaches should 
be proposed on the subject. 
1.3 Aims of the present work 
The first aim of Part 1 is to develop a new coding system for JR spectra data that 
can overcome the disadvantages and the restrictions of the existing coding systems 
mentioned above . The coding system is designed to effectively utilize information on 
both peak intensities as well as peak positions . A new approach to coding infrared 
spectra is proposed . The concepts of "effective peak” and "normalization factor" are 
defined in the coding system . The algorithm for picking effective peak has been 
formulated . 
The second aim is to develop a searching system ,the “Effective Peaks 
Matching"(EPM) method , for matching sample spectrum with reference spectra using a 
statistic criterion that is defined for the problem . Similarity is objectively defined as a 
membership function , which is controlled by the result of testing for difference between 
sample and reference spectral means • The membership function defined in the proposed 
method is based on statistics analysis and is different from the membership function often 
used in the general pattem recognition system . 
The third aim is developing menu-driven softwares for the proposed coding and the 
library search systems for IR spectra . 
The proposed system has been evolved can be applied to a very wide range of 
compounds including those without an apparent absorption peak .Both zero and derivative 
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IR spectra can be used . The system has been designed for a PC computer and 
independent of the FTIR spectrometer used . The softwares of both the coding system 
and the search system are suitable for research chemists and can be used in building a 
proprietary library of spectra. . 
1.4 Arrangements for Part 1 
The coding system and the library search system of IR spectra are presented and 
discussed in Chapter 2 and Chapter 3 , respectively . The applications of the proposed 
systems form the subject of Chapters 4 to 6 . The identification of pharmaceuticals by the 
IR 4atabase of pharmaceuticals is discussed in Chapter 4 . The identification of some 
Chinese mineral drugs by the specimen IR database of Chinese mineral drugs is 
presented in Chapter 5 ,where ,the sub-group spectral representation is built and a new 
algorithm on similarity for the modified reverse search is constructed . The identification 
of some Chinese herbal drugs by the IR database of Chinese herbal drugs is presented 
in Chapter 6 , where, the first derivative IR spectra of the specimen is used for 
identification and a potential systematic ,standard and automatic procedure is proposed 
and applied . A new approach to coding and library search for IR spectra with no 
apparent absorption peaks is described in Chapter 7 . Based on the regressive theory , the 
extraction of spectral feature and the logical judgment of matching IR spectra with no 
apparent absorption peaks are defined . 
The results obtained from the studies confirm the powerful discrimination and the 
wide range of applications of the new approach to the identification of the specimens by 
the proposed coding and library search systems with computer-assisted interpretation. 
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CHAPTER 2 
CODING SYSTEM OF IR SPECTRA 
2.1 Overview ： 
For any computer-assisted interpretation o fDl system ,the first step is to define "the 
spectral representation" that wiU be used for the library search , This spectral 
representation is the actual form that the spectral information is stored in the library [1]. 
The next step in computer handling of mfrared spectra is how to reduce and code the 
spectra efficiently and effectively ’ to achieve optimum performance in data reduction and 
information retention . In the ideal case , unambiguous identification of compounds by 
retrieval of their coded infrared spectra requires，as an essential condition , that the 
reference spectra ofthe file being used are all uniquely coded[2] , Some important coding 
systems for JR spectra are described as follows : 
(1) the Wyandotte ASTM code system (commonly known as or 0/1 or binary code 
system)； 
(2) zone coding system ； 
(3) peak with position and intensity coding system ； 
(4) full spectra coding system ； and 
(5) interferogram coding system 
In the Wyandotte ASTM code [3]，if a spectrum shows one or more peaks in a certain 
interval above a given intensity threshold，the code “1” is assigned to this position . If 
there is no peak above the threshold , the code is “0” • Errors introduced in recording and 
coding a spectrum may cause a peak to appear at a position next to the "true" position . 
To obtain a “1” at the "true" interval，a window can be used . When a window ofwidth 
0.3 or 0.5 l^m is applied , the position on the left and right-hand sides of the interval that 
show a peak is also given the code “1” . This is called 0.3-^im [2,4-5],0.5.pim [2]code , 
respectively. 
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In the zone coding system [6-8], the spectrum is divided into a number of zones 
Sometimes each zone is fiirther subdivided into a number of sub-zones , and the relative 
position of the strongest peak within a zone is defined by one or two digits . These 
numbers are sequentially combined to give a numeric code for the entire spectrum 
Additional feature data are sometimes added to the coding file , such as the addition ofthe 
position ofthe strongest peak . It is obvious that some valuable information should be lost 
if there are two or more peaks within the same zone or same sub-zone . 
Unfortunately , for zone and binary coding systems described above only peak 
positions are encoded and there is no provision to record peak intensities . 
For systems which code spectra with both the position and intensity dada , the peak 
intensity is usually arbitrarily coded in different integral numbers [6,9-13] . As digitized 
spectra have become more common ’ a number of spectral representations use peak data 
which represents a spectrum as a serious of x,y data where x is the position o f a peak and 
y is the intensity of that peak . In this kind of coding system ’ the intensity scale is 
expanded to make the strongest peak equivalent a given unit [3,14-16]. The addition of 
peak intensity information enhances the discrimination abiHty of the search 
In M\ spectra coding system ’ the spectrum is represented as a vector [2,16] . When 
used in this form , the spectra are usually stored at reduced resolution . In practice , the 
only advantage ofthe method is the availability of a digitized spectrum for display purpose 
[17]. 
The interferogram coding system is based on the principle that each datum in the time 
domain contains information on all frequencies present in the spectrum Therefore，a few 
of points are required to define the signature of each compound [18]. Li the Fourier 
Encoded Data Search (FEDS) , an interferogram is represented by a 60-dimensional 
vector . However it is not possible to accurately reconstruct an original spectrum from the 
stored segment of data points [17]. 
The existing coding systems suffer from limitations of various kinds , the more serious 
ones include: 
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(1) the intensities of the absorption peaks are either not included or dealt with in a 
qualitative manner and hence this important information has not been fiilly utilized for 
enhancing the discrimination ability ofthe search ； 
(2) the wavenumber shift is restricted to say below 3 cm'\ and many systems can only 
handle spectra produced under strict conditions and usually by specific JK 
spectrometers and cannot make use of data published in the literature ； and 
(3) the coding spectral files only depends on single measurements and also the 
consistency of the coding cannot be ensure . 
The purpose of the present work is to develop a new coding system for ER 
spectral data that can overcome the restrictions mentioned above . The coding system is 
designed to effectively utilize information on both peak intensities as well as peak 
positions . The information ofpeak intensity is efficiently utilized in the present systems • 
The theory ofthe method is described below 
2.2 Theory of the method 
2.2.1 selection spreadsheet package 
Jn order to code and search JK spectra，we need a menu-driven spreadsheet package 
software . The software ofQuattro Pro (4.0) has been selected as the spreadsheet package 
software in the research and the selected reason for this study is discussed in Appendix I-
1 
2.2.2 Specifications ofspectral data and instrumental parameters 
2.2.2.1 Specification of the units for both ordinate and abscissa 
For zero order JK spectra, we specify that the ordinate is in absorbance unit (A) and 
theabscissais in wavenumber (cm-') for the final data form which will be coded . 
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For derivative JR spectra, we specify that the ordinate is in absorbance with respect to 
wavenumber units ( dA / dv ) and the abscissa is in wavenumber ( cm" )^ for the final data 
form which wiU be coded . 
2.2.2.2 Specification the wavenumber region 
In this system，the wavenumber region is specified from 2000 to "400 cm"^. 
2.2.2.3 Specification ofthe absorbance region 
To assure photometric accuracy and proper representation of intense peaks, the 
weight of each specimens is so adjusted that the absorbance of the most intense peak , 
Amax is in the range : 
0.5Abs< ^ _ <1.2Abs. 
2.2.2.4 Specification ofthe m spectral data 
The TK spectral data in the proposed system involve both peak position and intensity 
2.2.2.5 Specification ofthe mean and standard deviation of the spectral data 
It has been pointed out that when possible the analytical determination should be 
repeated [19] . Based on this , the n i spectra for each substance are measured by 
repeated trials. 
The numerical methods for describing quantitative data sets of repeated trials can be 
grouped as follows[20]: 
(1)measures of central tendency ； and 
(2)measures of variability. 
The measure ofcentral tendency for the spectral data is called that sample mean X . 
_X = ^ ^ (Eq.2.1) 
n 
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where X X is the sum of all the sample measurements and n is the number of 
measurements . In the proposed method , the spectra of each sample are measured three 
times . That is n = 3 . 
The measure ofvariability for the spectral data is called sample standard deviation SD . 
SD = J X ( x - " (Eq-2.2) 
V n - 1 
Simple mean X tums out to be the best unbiased estimator of the population mean \x. 
There is a good chance that X will close to i^. . Knowing X and SD of a variable ’ it is 
possible to extract information about the values without examining the entire set of 
values individually [21]. 
2.2.2.6 Specification ofthe parameters of FT-ffi spectrophotometer 
Through comparing the spectral quality ’ the parameters of spectrophotometer used 
are as foUows: 
Gain = 1 ； Resolution = 8 cm "1 ； Scan Time = 60 seconds ； Apodization = Normal 
The FXni instrument used was aligned with the setting that Gain=l and the signal 
intensity was 64.642% . Running the performance test for the FTDl instrument ’ the 
results were, 
energy ratio 3400 cm"Vl300 cm"^  = 31.2125 , 
Peak-to-peak noise at 2200 cm"^=0.0654 % T and at 1300cm"^=0.0322 %T 
2.2.3 IR data acquisition 
We have developed three methods for the JK data acquisition in the proposed coding 
system. 
(1) JK data acquisition by communication ； 
(2) JK data acquisition by peak table obtained from a instrument ； and 
(3) JR data acquisition from literature . 
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For zero order spectra ’ any one of the three methods can be used for data acquisitions . 
For derivative spectra , only the communicative method can be used for data acquisitions 
2.2.3.1 lR data acquisition by communication 
2.2.3.1-A The aim of the communication offfispectra 
The aim of the communication ofBR. spectra is to transfer the spectra data directly to 
the computer without manual input of spectra data . 
It is very important and essential to obtain a digital record of the output of JK spectra 
for the present research .The data system of the instrument used in the present work is 
specially designed only for this kind of instruments manufactured by Nicolet instrument 
company and the system is incompatible with a personal computer . Furthermore , the 
spectrometer used does not have the function for picking derivative peak table . AU these 
can present a chain ofproblems for our research because we do not wish to limit ourselves 
to the specific instrument manufacturer and yet wish to have all of our archived database 
and accessible by a common data system . The more important is that the new approach of 
coding system is designed for ffiM-PC and compatibles . 
2,2.3.1-B Communication software and definitive parameters 
For the spectral data to be transferred from the spectrometer to an external personal 
computer ’ a communication software is need to support the procedure . Mattson et al. 
[22] reported a specific designed interface for transmitting spectral data in a grating 
spectrometer to the computer . 
The major tasks of the communication software are : 
(1) to connect the spectrometer to an external personal computer ； 
(2) to collect spectral data from the spectrometer to the computer ； and 
(3) to save the data file in the computer memory . 
fc the coding system，a RS-232 C interface of data asynchronous communication is 
used to send and receive digital spectral data from the spectrometer to a computer The 
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Procomm (l . lB) is used as communication software for the computer . The 
communication parameters are as follows : 
(1)For the spectrometer : Baud rate = 9600 ； Parity = Space . 
(2)For the computer : Baud rate = 9600 ； Parity = None ； 
Data bits =7 ； Stop bits =2 ； Port = C0M1 . 
where ’ Baud rate is the number of bits per second transmitted[23] : Parity provides a 
method for error checking the communication . Data Bits is the number of bits that actual 
form the character . ASCII (American Standard Code for Information Interchange) 
character codes are made of seven characters . Stop bits are not really bits at all .The 
transmitter holds the line in the idle state for the number of bit times specified by this 
parameter. 
2.2.3.1-C Conversion and saving ofASCII or JCAMP-DX text files 
Two kinds of data conversions can be selected to transfer the lR data from the 
spectrometer to a computer : 
(1) ASCII Conversion ； and 
(2) JCAMP-DX Conversion . 
An ASC11 file is in one column form and each row only contains one coordinate . With 
this form it is easy to code the spectral data after imported the file in the worksheet of 
Quattro Pro . 
JCAMP-DX(the Joint Committee on Atomic and Molecular Physical Data Exchange) is 
a standard file form for the exchange of lK spectra and related chemical and physical 
information between spectrometer data system of different manufactures ’ time-sharing 
system and personal computers . A spectrum in JCAMP-DX form is a text file [24-26]. 
In the spectrometer used , JCAMP-DX(version 4.24) format communications are bi-
directions , allowing the import and export of spectral files . Although the text file is in 
the form of one column with different rows ’ each row contains one wavenumber datum 
and eight encoded intensity data . With this form the speed of transfer is faster and the file 
size is smaller，however , the text file cannot be directly changed a desirable form to be 
coded . It has been reported that it is the difficult to read these numbers [27].We designed 
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a specific parsing program in our coding software to handle one or more the JCAMP-DX 
text files • 
2.2.3.2 IR data acquisition by peak table obtained from the instruments 
This option is the second method for lR data acquisition . The peak table is obtained by 
the instruments but is then transferred manually to a computer . We design a specific 
subroutine to handle the lR data in this manner . 
Because several different units are used in instruments from different manufactures， 
we design three different combinations for this case . 
Combination Type Ordinate Abscissa 
1 Absorbance (Abs.) Wavenumber (cm"^) 
2 Transmittance (T%) Wavenumber (cm"^) 
3 Transmittance (T%) Micron (jiim) 
2.2.3.3 lR Data acquisition from literature 
This option is the third method for IR data acquisition . Although a database building 
is a very expensive and relatively slow procedure ,collection of data from the literature 
can quickly increase the database size [28] . It is particularly useful to build the spectral 
database using this method , when the reference compounds are rare or not available . 
We design a specific subroutine to hand the JR spectra data in this manner . 
2.2.4 Definition of effective peak 
During the coding of spectra , it is necessary that the original spectral data be 
reduced to the characteristic data . This is called the feature extraction for the spectra . 
2.2.4.1 The wavenumber region of the effective peak ( Wep) 
As specified earlier for the wavenumber region，the peaks under consideration 
should lie within the range of 2000 cm"^  - 400 cm"^  if Wep is the number of the effective 
peaks, hence 
400 cm_i < Wep < 2000 cm] (Eq.2.3) 
2.2.4.2 The absorbance of the effective peak (Aep ) 
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2.2.4.2-A The absorbance of the effective peak for zero order IR soectra 
Suppose Amax ls the absorbance of the peak with the largest 
measurable 
(0 .5 abs. <Amax <1.2 abs. )，Ap is the absorbance of a peak , (Av)i and (Av)j are the 
absorbances ofthe nearest valleys on either sides of the peak , then Di and Dj are defined 
by Eq.2.4 and 2.5 , respectively 
Di = Ap - (Av)i (Eq.2.4) 
Dj = Ap-(Av)j (Eq.2.5) 
and Dep is defined as the smaller value of the two , 
D ep = D„dn = min[Di, Dj ] (Eq.2.6) 
In the proposed method , a peak in the DR. spectmm is selected as one ofefFective peaks 
ifthe absorbance ofthe peak and D 印 fulfill the following conditions simultaneously : 
Aep >b X A^x (Eq.2.7) 
Dep> c X An,ax + d (Eq.2.8) 
Inequality Eq.2.7 is used to exclude peaks with low intensities and Eq.2.8 is used to set 
condition to include shoulders as effective peaks . 
Here A a^x is as defined above, and b, c and d are arbitrary constants . 
To obtained these coefficients , an external calibration , polystyrene film , was used . 
As shown in Appendix I-2.1, the values o fb , c and d are determined to have the values : 
b =0.1055; c = 0.0029 and d= 0.0207 
In the proposed coding system ’ the program can automatically pick the effective 
peaks with the default coefficients , which can of course be revised based on the result of 
JK measurements of the polystyrene film under one's own laboratory conditions .The 
purpose of using polystyrene film as an external caUbration is to ascertain measurement 
compatibility in different situations . 
For solvent peaks ofNujol muU , the coding system allows the option that ifthe 
user agrees to delete them, these peaks can be automatically deleted . 
2.2.4.2-B The absorbance ofeffective peak in the derivative lR soectra 
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Suppose (dAmax )p is the derivative absorbance of the largest absorbing peak and 
(dAmin X is the smallest derivative absorbance of the valley within a derivative spectmm . 
let dA„^ = I (dAjnin X I , and (Eq.2.9) 
dA_x= max[(dA>nax )p, dA„^ ] (Eq.2.10) 
We define dA^ax as the largest absorbance in the derivative spectrum . 
g-i For the derivative absorption peak 
If dAp is the derivative absorbance of a peak，(dAv)i and (dAv)j are the derivative 
absorbances of the nearest valleys on either sides of the peak，then ADi and ADj are 
defined by Eq.2.11 and 2.12 , respectively 
ADi=|dAp-(dAv)il (Eq.2.11) 
A D j = I dAp - (dAv)j I (Eq.2.12) 
and AD 印 is defined as the smaller value of the two : 
i.e. ADep= A D - = min[ADi, ADj] (Eq.2.13) 
In the proposed method , a peak in the derivative JK spectrum is selected as one of 
effective peaks if either the derivative absorbance of the peak , dAep，fulfills the logical 
judgment Eq.2.14 or ADep f u M s inequalities Eq.2.15: 
dAep| > b X dA^x ANDAD^> c x A^x + d (Eq.2.14) 
ADep> e X dAn^x (Eq.2.15) 
The logical judgment Eq.2.14 combines two functions with the logical "AND" 
(explanation for Eq.2.15 and Eq.2.15 shown in Appendix I-2.2). One function is used to 
exclude a derivative absorption peaks with low intensities and another is to set condition 
to include shoulders as derivative effective peaks . Inequality Eq.2.15 is only used to 
include shoulders as derivative effective peaks . 
Here dA^ nax is the absorbance of the peaks with the largest measurable derivative 
absorbance. 
a-2 For the derivative absorption valley 
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If dAv is the derivative absorbance of a valley，(dAp)i and (dAp)j are the derivative 
absorbances of the nearest peaks on either side of the valley，then ADi and ADj are 
defined by Eq.2.16 and 2.17 , respectively 
ADi= |dAv-(dAp)i 丨 （Eq.2.16) 
ADj = | dAv- (dAp> | (Eq.2.17) 
And AD ep is defined as the smaller value of the two 
AD ep = AD„i„ = min[ADi, ADj ] (Eq.2.18) 
In the proposed method , a valley in the derivative W. spectrum is selected as one of 
effective valleys if either the derivative absorbance of the valley , | dAep | ,folfills a logical 
judgment Eq.2.19or ADep fulfills inequalities Eq.2.20 : 
dAep| > b X dA^^ ANDAD^> c x A^x + d (Eq.2.19) 
ADep > exdAn^x (Eq.2.20) 
The logical judgment Eq.2.19 combines two fimctions with the logical "AND" 
(explanation for Eq.2.19 and Eq.2.20 shown in Appendix I-2.2) . One function is used to 
exclude a derivative absorption valley with low intensities and another is to set condition 
to include shoulders as derivative effective valleys . Inequality Eq.2.20 is the only used 
to include shoulders as derivative effective valleys . 
Here dA^ax stiU is the absorbance of the peaks with the largest measurable derivative 
absorbance. 
For convenience , the effective valley in the ER derivative spectrum is also called the 
effective peak in the system • 
The four coefficients in Eq.2.14-2.15 ； Eq.2.19- 2.20 are empirically defined for both 
derivative absorption peaks and valleys . 
b = 0.1055 ； c = 0.0029 ; d = 1 0 and e =0.10. 
For solvent peaks ofthe Nujol mull, the coding system allows the option that if the 
user agrees to delete them，they are automatically deleted . 
2.2.5 Definition of the normalization factor for effective peak 
intensity 
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2.2.5.1 Definition ofthe normalization factor of effective peak intensity for zero 
order spectra 
ln the proposed coding system , a normalization factor ’ NFj is defined for the 
intensity of the ith effective peaks as shown in Eq.2.21， 
NF% = ; : 4 ^ x 100% (Eq.2.21) 
‘ LA. • 
f=l 
where , Aj is the absorbance of the ith effective peak , 艺 ^ the sum of the 
/=i 
absorbances of all effective peaks，n is the number of effective peaks . Obviously 
^ A 7 7 ^ % = 1 0 0 (Eq.2.22) 
j=i 
2.2.5.2 Definition of normalization factor of effective peak intensity for 
derivative spectra 
The normalization factor of the effective peak intensity at the ith point for the 
derivative spectra , NFi is expressed in Eq.2.23 
dA (Eq.2.23) NF�Zo = J^ xlQQ% 
‘ LdA^ i=l 
n 
where , ^ d j { . is the sum of the derivative absorbances of all effective peaks , and n， 
j=i 
the number of effective peaks in the derivative spectrum . 
2.2.6 The peak picking algorithm for IR spectra 
The development of the peak picking algorithm is another very important and crucial 
step in the development of a program for IR spectral processing . The major tasks of the 
algorithm should include : 
(1) location of the turning points of the peaks ； 
(2) interpolation of the spectral data ； and 
(3) determination of the coordinates of the peak points . 
2.2.6.1 Procedures 
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Although the IR curve is a continuous function，the spectral data received has been 
changed into discrete variables using either ASCII or JCAMP-DX . 
2.2.6.1-A Location of the turnin2 point 
To facilitate the location of the turning point, the difference quotient of the spectral 
data, Ak is defined as follows : 
丄=f (V), 二 ^  二 ^ ‘^ (Eq.2.24) . 
A Vk v^i-v, 
where ’ j{. and v, are respectively the coordinates at ith point, 乂并】and v , + i are the 
coordinates at (i+l)th point . A/4j^  is the difference in absorbances , and A Vk is the 
difference in wavenumbers . 
Because the wavenumber data are arranged in ascending order in ASCII or JCAMP-
DX and the A Vk is a fixed value, the difference quotient of the n i data in the proposed 
system can be simplified as : 
少： = A … - A I (Eq.2.25) 
In general, the tuming point of a peak requires [29] a change in sign in y\ • 
i.e. y ； < 0 < 少； (Eq.2.26) 
under specific conditions，the following may also hold : 
y ； = 0 < j; ； (Eq.2.27) 
Further at the tuming point，the second order difference quotient y"^  , requires 
少2<0 (Eq.2.28) 
The logical judgments for the tuming point at a peak should be expressed either as 
y : > 0 # y4 N D # J； 2 < 0 (Eq.2.29) 
or, 
y : > Q#AND # 3； '2 = 0# AND # J； ； < 0 (Eq.2.30) 
Based on the two logical judgments , the turning points of all peaks in the spectrum 
are found by the advanced macro . 
25 
The detection of peaks is discussed in Appendix 1-3 . Because the number of 
significant figures in the absorbance has some effects , as shown in Appendix-3 , it is 
better to use JCAMP-DX than the ASCII format for the detection of peaks. 
2.2.6.1-B Determination of the coordinates of the peak point 
In the second step，the numerical analysis of interpolation was used to approximate 
the peak point of spectra . The concept of interpolation can be described as follows . 
Given a set of values , y1,y2,...yn, which are supposed to correspond to another set of 
values x1,x2,...Xn , it is required to determine in a reasonable way the y corresponding to 
the given value x . There are many ways to perform an interpolation，and in many cases 
polynomial approximation wiU be adequate [30]. The Lagrange interpolation polynomial 
[31]is selected in the proposed system . 
At the peak point, the following should be satisfied : 
y=0 (Eq.2.31) 
It is indicated that the polynomial need not be solved in the research . That is the 
better way that ifdirectly finding out derivative equation ofinterpolation polynomial. 
a-1 La2ran2e interpolation polynomial 
Lagrange interpolation polynomial is expressed as 
P {x) = t , y , t i B t (Eq.2.32) “ k=0 j=0 
j*k 
Using three points， 
={x-x,){x-x,) {x-x,){x-x,) + {x-x,){x-x,) (Eq.2.33) 
^^^ ^'{x,-x,){x,-xy' {x,-x,){x,-xy' {x,-x,){x,-x,) 
For simplicity of notation, we denote , 
A = ^ (Eq.2.34) 
{x,-x,){x^-x^) 
B = ^ (Eq.2.35) 
(^1-^0)(^1-^2) 
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c = - ^ (Eq.2.36) 
(x^-x^)(x^-x,) 
and the Lagrange equation (Eq.2.33) , may be written as : 
P^(x) = A(x - X, )(x — X2) + B(x — Xo )(x - X,) + C(x - x。)(x - x,) (Eq.2.37) 
a-2 Determination of the coordinates ofthe peak point 
At the peak point ’ the derivative equation is satisfied . 
A W - = 0 (Eq.2.38) 
To solve the equation and give 
=^(^1 + ^2) + B(Xo + X2)+C(x, + Xi) 2 39) 
Xnax- 2(A + B + C) ^ q ) 
Substituting \腿 into equation 2.37 , Eq.2.40 is obtained : 
A (Imax ) = ^Imax - ^1 )(^ n,ax 一 ^2 ) + ^(^max 一 ^0 )(^ max 一 ^  ) + ^ (义謹 一 X � ) ( X _ 一 X!) 
(Eq.2.40) 
Hence , the coordinates of peak points are as follows : 
[ U , P 2 ( U (Eq.2.41) 
a-3 Losical iudement to find out the other two voints 
To solve the interpolation equation，it is necessary to find out the coordinates ofthe 
other two points . We chose the two points on the either side point of the tuming point • 
In order to find the coordination's ofthe other two points , the following logical judgment 
is used in the coding system . 
W,Wt + (W4-W0+0.2#AND#JVi>Wr0.2ifOR 
# W i < W � o . 2 # A N m ^ ^ , > W , - ( W r W 0 _ O - 2 (Eq.2.42) 
where ,Wi is the wavenumbers of xo，xi and x2 . W, is the wavenumber of tuming point. 
W4 and W3 are the wavenumbers of the 3rd. and 4th. points in the spectral data file . 0.2 
is the rounding coefficient obtained from the communication experiment. 
2.2.7 The key codes 
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The key codes of samples in their JR database should characterize the samples 
unequivocally . Besides the properties of the spectrum, some important properties ofthe 
sample should be coded in system which is independent of the spectroscopic method used 
. In our four sample-oriented JK databases , we use different strategies to select the key 
codes as cross indexes in the different situations . The key codes provide a linkage 
between databases for spectroscopic library . 
In the proposed system，the key codes of a specimen consist of two parts . One is the 
key code for the JK spectral data and another is the key code of the specific properties of 
the specimen. 
2.2.7.1 The key codes for the spectral data 
There are few literatures dealing with this subject. In the Sadtler system[6], only the 
strongest band(position) is selected as the key code . 
We select the following properties of the spectrum as the key codes in the proposed 
system: 
(1) the number of effective peaks ； 
(2) the wavenumber corresponding to the largest NF% ； 
(3) the wavenumber corresponding to the second large NF% ； 
(4) the wavenumber corresponding to the third large NF% ； 
(5)thelargestNF%; 
(6) the second large NF%; 
(7) the third largest NF% ； 
(8) the maximum SD of the wavenumbers among all effective peaks ； and 
(9) the maximum SD ofthe NF% among aU effective peaks 
2.2.7.2 The key codes for the specific properties of the sample 
We select the following specific properties as the key codes in the IR database of 
pharmaceuticals : 
(1) the Disk name ； 
(2) sample name ； 
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(3) molecular formula ； 
(4) registry number in the Chemical Abstract (CA registry No.) ； and 
(5) molecular weight ； 
2.2.7.2-A Disk name 
Since the computer operating system employed is DOS，a file name is Umited to eight 
characters . In the proposed system，the disk name consists of three parts • The first part 
shows the method ofmeasuring the lK spectra : "R" means measuring the DR. spectra by 
real scan and "V" by digital vernier . The second part shows the source of the spectra : 
"BP" means the JK spectra obtained from the British Pharmacopoeia (BP) [32] and "CP" 
those from the Chinese Pharmacopoeia (CP) [33] . The third part indicates both the page 
and relative position ofthe BR spectra on the same page for BP and the highest position is 
coded 1 , the middle position coded 2 and the lowest coded 3 . For CP , the third part 
only indicates the page where the JK spectrum is found . The ideal is to keep the disk 
name unique . Based on this , the disk name is different for the same compound if the 
source ofits W. spectrum is different. 
2.2,7.2-B Name 
The use of names for the name-search has always been and still is a problem , even 
when the international unique naming convention such as RJPAC nomenclature is used . 
Sometimes the same compound has more than one names . The KJPAC nomenclatures 
are rather long and complicated . 
to the proposed system , the International Nonproprietary Names in English(ES[N) 
[34] are chosen . The BS[N for pharmaceutical substances were proposed by the World 
Health Organization . The guiding principles for devising ESfN are that the m N should 
be distinctive in sound and spelling ’ should not be inconveniently long and should not be 
Uable to confusion with names in common use . The disadvantage of the ESfN is that there 
is no correlation between the E W and the chemical structure . 
2.2.7.2-C Molecular formula 
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Theoretically，we have the option of using chemical structural formula or using 
molecular formula for coding . The structural formula for a compound is unique ’ 
immediately understandable and internationally . The problem lies in the difficulty of 
working with string structures in a computer system , and so far the structural formula 
has been established only for large computers[35]. 
In the proposed system, we choose the molecular formula as one of the key codes . 
For an organic drug , the formula is based on citing carbon first followed by hydrogen and 
then the other elements in alphabetic order , In the proposed system, the number ofeach 
element in the formula is typed on the same line and not in subscripts as it is easy to type 
in this form and more importantly is the reading form for the program by formula-
search . 
2.2.7.2_D Chemical abstracts registry number(CA.Registrv No.) 
Chemical abstracts registry number(CA.Registry No.) is given to each newly pubUshed 
compound and hence it is a good code for each compound • In the proposed system， 
CA.Registry No. is chosen as one of the key codes . The main disadvantage of the 
CA.Registry No. is that it is a simple index name and cannot indicate any properties ofthe 
compound and it is not an error-free code . 
2.2.7.2-E Molecuiar weight 
Molecular Weights are quantitative codes for pure compounds . In the proposed 
system ’ molecular weight is chosen as one of the key codes . The advantage of 
molecular weights is that there is some correlation between the molecular weight and the 
chemical structure . A specific sub-program is designed to accurately calculate the 
molecular weight for coding purposes . 
2.2.8 The data file of IR spectra 
There are four types ofdata files in our system for different purposes : 
(1) source files ； 
(2) exchange files ； 
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(3) coding files ； and 
(4) library data files 
2.2.8.1 Source files 
The ASCII or JCAMP-DX text files are called source files . Each source file of ASCII 
has about 6,785 Bytes from 400 to 2000 cm"^  . Each source file of JCAMP-DX has 
about 4,485 Bytes from 400 to 2000 cm"^  . 
2.2.8.2 Exchange files 
As indicated early , a JCAMP-DX text file is needed to convert into a desirable form 
for coding . The converted files are called exchange files . Each exchange file of 
JCAMP-DX has about 35, 544 Bytes from 400 to 2000 cm"^  . 
2.2.8.3 Coding files 
The coding files are created by the coding system from the source files of ASCII or 
exchange files of JCAMP-DX text files . The coding files contain detailed information of 
the sample . The original peak data about the wavenumbers , absorbances and NF% 
individually are listed. 
2.2.8.4 Library data files 
The IR database consists oftwo types oflibrary data files . Each Ubrary data file is in 1 
row and 94 columns for each specimen with the key codes . Each library data file has 
about 2,683 Bytes . 
We design that there are 80 blocks for both effective peak wavenumbers and NF% 
for each library data file . If an Hl spectrum has less than 40 effective peaks , the 
blocks ofwavenumbers are replaced by -5.00 and the blocks of NF% replaced by 
-1.00 . There are another 14 blocks of key codes for both spectral data and specific 
properties . In the proposed coding system , 94 coding elements are used as the 
spectral representation for each sample . To search the spectral data , each spectral 
representation is arranged in two forms，namely TAB-A-W and TAB-B-NF . 
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(1) TAB-A-W form . In this form the wavenumbers of the effective peaks are in 
ascending order . The first part, from 1st to 14th column contains information of the 
key codes .The second part ’ from 15th to 54th column contains the information of 
the wavenumbers o f the effective peaks . The third part , from 55th to 94th column 
contains the information of the NF% of the effective peaks ； and 
(2) TAB-B-NF form . In this form the NF% values of the effective peaks are in 
descending order . The first part, from 1st to 14th column contains information of 
the key codes . The second part，from 15th to 54th column contains the information 
of the NF% of the effective peaks . The third par t， f rom 55th to 94th column 
contains the information of the wavenumbers ofthe effective peaks. 
We have specified the addresses of TAB-A-W and TAB-B-NF in the coding files 
.After the lK source files ofASCII or exchanged files of JCAMP-DX have been coded， 
the coding files are saved . Then using the COPY-BLOCK command and entering the 
block name ofeither TAB-A-W or TAB-B-NF , the JK database can be built directly one 
by one in error-free mode . 
2.3 Results and discussion 
2.3.1 Selection of the wavenumber region 
It has been reported that there are several wavenumber regions for the different 
K databases. 
(1) region from 4800 to 400 cm'^[36]; 
(2) region from 4000 to 450 cm"^[13]; 
(3) region from 4000 to 500 cm"^[37]; 
(4) region from 4000 to 700 cm"^[38]; 
(5) region from 3900 to 400 cm"^[16]; 
(6) region from 3600 to 400 cm'^[6]; 
(7) region from 2000 to 670 cm_i[15,39]; 
(8) region from 1760 to 685 cm'^[40]; and 
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(9) region from 1600 to 410 cm'^[41]. 
In some pharmacopoeia [32]，the K region reported is 2000-625 cm"^  . Our 
preUminary experiment indicated that after running the base line for 96 min ’ the maximum 
fluctuation was 18% T below the base line for wavenumber greater that 2000cm'^，but 
was only +2% T below 2000 cm] .Further，the region above 2000 cm"^  is of little use 
for the identification by JK spectra [10]. Hence , in the proposed method，we chose the 
wavenumber region to be from 2000 to 400 cm'^  . It is in the fingerprint region . It has 
been reported that [42] the fingerprint region is the best region which is the spectral 
density of information as a function of wavenumber . Small differences in the structure 
and constitution o f a molecule result in significant changes in the distribution of absorption 
peaks in this region ofthe spectrum [43]. As a consequence , a close match between two 
spectra in the fingerprint region constitutes a strong evidence for the identity of the 
compounds yielding the spectra • Although exact interpretation of the spectra in the region 
is seldom possible , it is this complexity that leads to uniqueness and the consequent 
usefuhiess ofthe region for identification purposes . 
2.3.2 Normalization factor of peak intensity 
As mentioned earUer ’ the information of peak intensity can enhance the 
discrimination ability of the ER spectra for different samples，for example，the JK 
absorbances of a lubricating oil is an exceUent discriminator between virgin and 
reclaimed oils . There was a significant difference between the absorbance means ofthe 
virgin oil values and the reclaimed oil values [44] . It has also been reported that the 
most striking differences between fiilvic acids and humic acid lie in the intensities ofthe 
1725 cmfi bands . It is very strong in the case of fulvic acids but only shoulder for humic 
acid [45] . Furthermore , the positions of JK spectra cannot be directly and solely 
employed for unequivocal determination of anomeric configuration . Nonetheless ’ 
absorption data are often of value as aid in assigning configuration when comparison 
can be made with the absorption spectra of closely related molecules [46]. 
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Although the use of intensity data in the matches will improve the efficiency of a 
search process , the intensity data in unknown IR spectra do not seem to be utilized 
effectively for matching in the systems proposed so far[ll] . It is difficult to deal with 
intensity data in a generally meaningful way [47] as intensities in IR spectra change with 
the weight or the concentration of the compounds , and also it is difficult to measure the 
JR intensity at each effective peak accurately for solid samples . In some coding systems 
,peak intensities have been used , however , they are dealt with in a qualitative manner 
and peak intensities are classified into different groups [13,37,40] . In another kind of 
method , the intensity scale is expanded to make the absorbance of the strongest peak 
equal to some predefined values [15-16,48]. 
We propose to use normalization factor (for definition see Eq.2.21)，which is 
directly related to the peak intensity and has the advantage ofbeing independent of the 
concentration of sample as shown below . The concept of normalization factor has been 
introduced into the coding system with the rationale that since peak intensity is 
difficult to be used directly , the relative peak intensity may be a better function to be 
used instead . 
To assess the reproducibility of the normalization factor , a polystyrene film was 
repeatedly measured in three day . The YK spectrum of polystyrene is shown in Figure 2.1 . 
The effective peaks were selected using the proposed method as described in Section 
2.2.4, and the effective peak at v = 1600.7 cm"^  was arbitrarily assigned the largest peak 
within the spectral region( because its absorbance is suitable ) . The measured absorbances 
were converted into normalization factors using Eq.2.21 and the result are shown in 
Table2.1 . 
For the same purpose , the TK spectrum of salicylic acid(KBr pellet) was recorded 
and the measurements were repeated three times . A typical spectrum of salicylic acid is 
shown in Figure 2.2 . Effective peaks from its spectrum were also selected and the 
absorbances and the corresponding normalization factors for these peaks are shown in 
Table 2.2 . 
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Figure 2.2 IR spectra of salicylic acid . The A，B and c spectra are measured with different weights . 
Table 2.1 The normalization factors and wavenumber of ten effective peaks of the 
polystyrene film . The peak at 1600.7 CM^ is assigned the largest peak in the 
spectral region 
Mean |906.48 |l028.5 |l069.0 |ll54.8 |ll81.6 |l583.3 |l600.7 |l802.7 1870.8 |l943.6 
wave/no.a 
MeanNF 11.372 17.100 9.672 7.043~"7.734~8.657~~23.718 4.587 l 4 9 3 ~ l 6 2 5 ~ 
inDayAb (0.05) (0.06) (0.05) (0.02) (0.09) (0.03) (0.08) (0.11) (0.14) (0.082) 
MeanNF 11.414 17.163 9.695 7.094 7.734~~8.612~~23.727 4.534~4.440~~5^588~ 
inDayB^ (0.08) (0.09) (0.07) (0.01) (0.03) (0.01) (0.05� ffl.24) (OU^ (014^ 
MeanNF 11.445 17.202 9.698 7.129 7.747~8.596~~23.755 4.473~~4.380~~15^~~ 
inDayCd (0.19) (0.21) (0.18) (0.04) (0.08) (0.02) (0.17) (0.62) (0.69) (0.63) 
MeanNF 11.411 17.155 9.688 7.088 7.738 8.622~23.733 4 . 5 3 1 ~ ~ 4 4 3 8 ~ J 1 ^ ~ 
in3days^ 1(0.003) |(0.003) |(0.001) |(0.006) |(0.001) |(0.004) |(0.001) |(0.013) |(0.013) |(0.005) 
a ’ Mean wavenumber of all observations in Days A，B and C . 
h，Mean normalization factor in Day A with relative standard deviation in parentheses 
\ Mean normalization factor in Day B with relative standard deviation in parentheses . 
d’ Mean normalization factor in Day C with relative standard deviation in parentheses . 
e, Mean normalization factor of all observations in Days A , B and C with relative 
standard deviation in parentheses . 
Results in Table 2.2 show clearly that the normalization factors do not change 
significantly with the weight or concentration of the sample , and that the RSD of the 
measurements are in the range of 0.2 to 3.5% and are less than or equal to 2.5% for 21 
out of 24 effective peaks . 
The biggest difference between the proposed method and the reported methods 
[15-16,48]for normalizing peak intensities is in the selection of expression in the 
denominator . We use the sum of the absorbances of all effective peaks to normalize the 
intensity of each effective peak and hence W^  spectrum as a whole is used in the new 
approach for normalizing peak intensity . The use of total absorbances ensures that all 
information of the intensities in an JR spectrum is retained for coding spectra . On the 
contrary , in the reported methods, only the largest absorbance was used as the 
denominator to normalize each peak intensity . The information of the largest absorption 
peak is very important for any JR spectmm , but the intensity information ofthe largest 
absorption peak is lost if it is used for normalization in the methods reported in the 
Uteratures . Another disadvantage of the reported methods is that the normalization results 
are greatly affected by the accuracy and precision of the largest absorbance . 
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Table 2.2 The normalization factors of the effective peaks of different weights of 
I" I" " d h b b b " d thr t" sa lCYlC aCl , eac a sor ance eln~ measure ee lmes 
No. Wave no Ala A2a A3a NF1b , ,NF2b , b NF3 , Mean SDin 
0/0 % % - NF NF 
1 463.83 0.1901 0.2642 0.2409 2.312 2.364 2.367 2.348 0.03 
2 532.61 0.1960 0.2725 0.2517 2.384 2.438 2.474 2.432 0.05 
3 567.16 0.1230 0.1711 0.1558 1.496 1.531 1.531 1.519 0.02 
4 659.72 0.3623 0.4937 0.4575 4.406 4.417 4.496 4.440 0.05 
5 697.35 0.4208 0.5829 0.5370 5.117 5.216 5.277 5.203 0.08 
6 760.15 0.5161 0.6936 0.6401 6.276 6.206 6.290 6.258 0.05 
7 784.29 0.2157 0.2987 0.2747 2.623 2.673 2.700 2.665 0.04 
8 852.22 0.1787 0.2463 0.2254 2.173 2.204 2.215 2.197 0.02 
9 892.96 0.2688 0.3736 0.3432 3.269 3.343 3.373 3.328 0.05 
10 964.46 0.1187 0.1710 0.1565 1.443 1.530 1.538 1.504 0.05 
11 1029.7 0.1729 0.2441 0.2243 2.103 2.184 2.204 2.164 0.05 
12 1088.4 0.1497 0.2148 0.1969 1.820 1.922 1.935 1.892 0.06 
13 1154.5 0.3822 0.5225 0.4823 4.648 4.675 4.740 4.688 0.05 
14 1210.5 0.4886 0.6661 0.6101 5.942 5.960 5.996 5.966 0.03 
15 1249.0 0.6033 0.7978 0.7138 7.337 7.138 7.015 7.163 0.16 
16 1295.2 0.5668 0.7617 0.6880 6.893 6.815 6.761 6.823 0.07 
17 1323.8 0.2440 0.3354 0.3042 2.967 3.001 2.989 2.986 0.02 
18 1384.2 0.1804 0.2564 0.2325 2.194 2.294 2.285 2.258 0.06 
19 1443.8 0.6103 0.8162 0.7396 7.422 7.303 7.268 7.331 0.08 
20 1465.1 0.3739 0.5065 0.4605 4.547 4.532 4.525 4.535 0.01 
21 1484.1 0.5004 0.6640 0.6053 6.085 5.941 5.948 5.992 0.08 
22 1578.3 0.2441 0.3378 0.3066 2.968 3.022 3.013 3.001 0.03 
23 1612.6 0.4501 0.6108 0.5543 5.474 5.465 5.447 5.462 0.01 
24 1659.2 0.6662 0.8745 0.7746 8.102 7.825 7.612 7.846 0.25 
a, the absorbances of the respective peak for different weights of salicylic acid 
b, the normalization factors corresponding to AI, A2 and A3 respectively. 



























A successful searching depends on how the IR spectra are coded . Ideally , the coding 
of IR spectra should facilitate the creation of computer-readable files, provide feature 
extraction for the spectra, and compress the spectral data for storage . Thus ,it is very 
important to select the coding method in building the spectral database . A small file 
volume per compound in the coding is beneficial to store the IR spectral representation 
and to process a search rapidly , but too small a volume leads to the lowering of the 
identification power and to the increase the uncertainty of the spectral representation . 
From such a viewpoint , various attempts have been made to develop search systems 
based on files created by different coding methods . 
Although the algorithms and the software developed for the zone and binary coding 
systems [3,6-8] have proven useful, these representations have several serious drawbacks 
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: ( l ) the peak intensities in the spectrum are not be coded ;(2) only one peak can be 
coded in each region and other information has to omitted , and ;(3) a conflicting 
situation occurs when a peak lies exactly on the region's border . To solve these problems 
,several systems have been developed on the basis of a search file containing data of peak 
intensities . 
The coding system with both peak position and peak intensity is a better system 
because the information ofboth important components of spectra is used . In this system , 
it is the most important to ensure the consistency of the coding . If the input spectral 
data of the sample are different from the data in the library for the same sample , the 
successful search shall become obscured . Therefore，the criteria for selecting the input 
spectral data in this system as well as extracting the spectral data should be explicitly 
defined . 
The different coding systems have different susceptibilities to the background effects 
on their spectra. The coding of full spectra is affected the most because the 
indiscriminate use of full spectrum leads to an inclusion of "mis-information" as well as 
spectral information from the sample . It is less important in the case of peak based coding 
systems [17]. 
For the band shift，if it is a relatively small，little change is noticed for the peak based 
coding systems because most can accommodate small shifts . Results from coding fiill 
spectral can be severely impaired depending on the degree ofband shifts . 
In the propose method，the spectral information of both position and normalization 
factor of the effective peaks are used to code the JR spectra . We also propose to use 
statistics to deal with the problem caused by the band shift or variation of peak intensities . 
2.3.4 Selection of IR spectral data 
JK spectral data for identification include wavenumbers , intensities and widths 
(shape) of the absorption peaks . 
The wavenumber of the fundamental absorption peak for a diatomic molecule is 
expressed as [43], 
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- 1 IK(ml+m2) 
V = " ^ V " ^ ^ ^ ^ (Eq.2.43) 
where v is the wavenumber of an absorption peak in cm"^  ’ k is the force constant for 
the bond in dynes/cm , c is the velocity oflight in cm/s ’ and m. and m. are the masses 
ofatoms 1 and 2 in g . 
The area under an absorption peak envelope [49] , ^corresponding to the ith 
fundamental absorption peak is expressed as， 
N7T g ^ 2 (Eq.2.44) 
^ , 7 ¾ 
where N is a number which depends on the units of A. , C, the velocity o f l i gh t，^ 
the dipole moment ofthe molecule, and Q , the normal coordinate for the ith vibration 
In practice, the band intensity is proportional to the peak area , and is correlated with 
the molecular structure ofthe compound under study . 
Whereas the frequency of a peak depends upon the geometrical distribution of 
masses undergoing oscillation and the forces holding the nuclei together , the intensity is 
govemed mainly by the charge redistribution within the bond under specific vibrational 
transition [50]. It is clear that both the wavenumber and intensity of the absorption 
peak are correlated with molecular structure. 
There have been several attempts to derive empirical fimctions to fit the shapes of the 
bands [49]. A Lorentz curve can fit an isolated absorption band , 
, J o . a — (Eq.2.45) 
lOg(7)v = [(V_Vo)2+Z>2] 
Where Ids the intensity ofthe incident radiation and I is that ofthe transmitted radiation, 
aA)2 = l o g ( y p ^ . , 2 b = Avi,2 isthehalfintensitybandwidthofabsorptionband,and 
vo is the wavenumber ofthe band maximum . 
The wavenumber and intensity are the most conspicuous pieces ofspectral data and are 
easytodetermine.The spectralparameterofshapeis moredifficulttoobtainthanthat 
ofboth wavenumber and intensity . The spectrometer used in the research has not the 
mnction for giving the spectral parameter of shape . For these reasons , the spectral data 
used are generally limited to wavenumber and intensity [51]. 
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The British Pharmacopoeia defines the role of spectral data for identification purposes 
[32]: "When the spectrum of the substance being examined is described as concordant 
with a reference spectrum or with the spectrum of a reference substance，the spectrum 
exhibits maxima that correspond in position and relative intensity to those in the reference 
spectrum or in the spectrum obtained with the reference substance, as described .，’ 
Further ’ The United Stated Pharmacopoeia [52] states that : "comparisons of a test 
specimen with a reference standard are best made at a peak of spectral absorption for the 
compound concerned ’，. Some coding systems [53-54] use the peak shape for coding and 
separate them in different classes . Sharp is coded as 1 , peak of average width is coded 
as 2 and broad peak is coded as 3 . The Chinese Pharmacopoeia [55] points out that : “ 
several factors such as difference in instrument performance of various models , in 
adequate or successive grinding in preparation of the disk , moisture in the sample or 
halide carrier , may give rise to unsatisfactory spectrum in shape ” It is obvious that the 
peak shape is affected by several factors , and hence using peak shape in coding system 
may result in new uncertainties in coding the JK spectra . 
Although different coding schemes have been proposed to represent spectra in 
different digital forms for suitable library searching , they suffer from one limitation or 
another . The ideal coding format of spectral representation should retain the minimum 
amount of information necessary for correct identification of unknown compounds in a 
form permitting rapid numerical comparison . Based on these , we take the effective 
peak position and effective peak intensity in the form of normalization factor as spectral 
data in the proposed coding system，which has been proved in the present work to be 
adequate for a successful search . 
2.3.5 Definition of effective peaks 
The success ofany search program of spectra is not only dependent on the nature ofthe 
algorithm or the availability of an adequate library but also on a good，consistent coding 
system. 
A peak is an absorbance maximum or a transmittance minimum that differs from the 
nearest vaUey by more than a threshold , which threshold is set by the user[56] . An 
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absorption band has been defined as a region of the absorption spectrum in which the 
absorbance passes through a maximum [57] . Based on these two definitions , it may be 
deduced that a peak should be an absorption band , but an absorption band does not 
always produce a peak . A peak should be connected with a certain detection threshold , 
which is generally used in the peak-pick fimction of the spectrometers[56,58-59} All 
peaks greater than the threshold value are selected by the fimction . However , these 
methods ofproducing peaks may not be used repeated trials for coding IR spectra . 
Although most coding systems involved the peak data for coding the TK spectra , 
there is no mention of how to collect the peak data in the published papers 
[13,15-16,37,40,60] Some authors defined this important concept in loose 
expressions ,e.g, as "each discernible peaks" [38] or "major peaks" [36]. Other just 
stated that "weak bands are generally not coded"[61]. 
Another kind ofproblem is how to code shoulder peak . In one system[62], shoulders 
are only counted as bands if they are completely resolved and the point of maximum 
absorption easily determined . In another system[61] ’ "shoulders are generally not 
coded". However, most coding systems did not touch upon the issue . 
Because the picking peak algorithm of the spectrometers does not combine with other 
logical judgments，the peak list table produced in this way can not simply be used in 
coding system or for repeated trials • When a specimen with different weights was 
repeatedly scanned three times by the same FTDl spectrometer , then the peak-picking 
function of the spectrometer was used to pick the peaks，and the results are shown in 
figure 2.3 where it can be seen that the peak numbers varied，being 21 , 32 and 17 in 
spectra A , B and C , respectively . 
Hence , it is very important for any coding system to ensure the consistency in coding 
the JK spectra，and nearly the same coding files should always be produced for the same 
spectra even when coded by different coders and using different spectrometers . 
Unfortunately, existing JR coding systems suffer from rather serious drawbacks : 
(1) each researcher uses different criteria for picking peaks ； 
(2) peaks are miscoded in a spectral file . Note that if coders frequently misread peaks， 
that may result in : 
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Figure 2.3 IR spectra of cupric carbonate base [CuCO3.Cu(OH)2]. The 
peaks with marks are detected by the spectrometer . The A , B 
and C spectra are measured with different weights . ’ 
a) a requested peak is not in the coding file ； and 
b) an extra peak which may be miscoded appears in the coding file . 
(3) the criteria used deciding how weak a band should be coded by the searcher and by 
the coder are different. 
When the spectra were manually coded by many volunteers , like ASTM punched 
card system , the problem may be more serious . It has been pointed that many databases 
have a substantial number of errors [48:. 
The aim of an analysis is to reduce the uncertainty with respect to the sample to be 
analysed . It will be appreciated that the reduction of uncertainty is considered to be 
equivalent to obtaining information [63]. From this viewpoint , the new approach to 
coding IR spectra is very meaningful . We give an explicit and quantitative criterion to 
feature extraction of spectral data and some source of miscoding files can be eliminated 
using the logical judgments . We have also introduced the concept of effective peak as 
described in Section 2.2.4 into the coding system with the purposes that: 
(1) the proposed peak-picking algorithm can distinguish the sample peaks from the 
background peaks ； 
(2) the algorithm only picks “not too smooth shoulder peaks” from the peak list table ； 
and 
(3) the coding spectral files can be used in repeated trials and does not obviously result in 
any loss of information of spectrum . 
2.3.6 Check the interpolation method 
2.3.6.1 Comparison of the results of different interpolation methods 
Three interpolation methods may be used in the proposed coding system : 
(1) Lagrange interpolation ； 
(2) Newton, divided-difference interpolation ； and 
(3) quadratic equation approximation . 
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The details about the Newton' divided-difference interpolation and Quadratic 
equation approximation are shown in Appendix 1-4 . As shown in Appendix 1-4 , the three 
interpolation methods yield the same results , as illustrated by the computed results for 
basic cupric carbonate in Tables A.I.4.1 and A.I.4.2 (Appendix I-4) There are not any 
differences found using the three interpolation methods for the wavenumbers with 2 
decimal places and absorbances with 4 decimal places . For simplicity of editing the 
program ’ Lagrange interpolation method was selected for the coding system . 
2.3.6.2 Comparison of the results obtained from interpolation with these obtained 
from the spectrometric measurements 
A performance test was designed to test the agreement between the results obtained 
from interpolation with these obtained from the spectrometric measurements . The details 
about the performance test are shown in Appendix 1-5 , As illustrated by the comparison 
of results in Table A.L5.3 (Appendix I-5) , the interpolated results agree well with 
these obtained from the spectrometric measurements . 
2.3.6.3 Check the accuracy of the interpolated results 
The accuracy ofthe interpolation results for the wavenumbers was checked to use 
the spectral data for polystyrene contained in British Pharmacopoeia [32] . The accuracy 
of the absorbance obtained by interpolation is accessed by computing the peak 
absorbances ofpolystyrene film with these obtained from the spectrometric measurements 
.The details about checking the accuracy are shown in Appendix 1-6 . The checking 
results were shown in Tables A.L6.2 and A.L6.4 ( Appendix I-6) . Through these 
verification tests, it tums out that the our method ofinterpolating the coordinations ofthe 
absorption peaks is reliable and weU reproducible . The method can be used for coding 
spectral files. 




For easy and efficient processing，we construct each data file library in a standard 
form . For storage economy ’ each representation is a sequential spectral file . Each 
record in the data file contains the spectral information for one sample and is divided into 
four segments . The first segment (from the first to the fifth elements) contains non-
spectroscopic information about the sample ’ defined as the specific properties . The 
second segment (from the sixth to the fourteenth elements ) holds, very important 
spectroscopic data，defined as the key codes . The third segment (from the fifteenth to 
the fifty fourth elements ) is the position data of the effective peaks . The forth segment 
(from the fifty fifth to the ninety third elements ) contains the NF% data of the effective 
peaks. 
To obtain better search results , it is desirable to enter as many effective peaks as 
possible . It was reported [40]that it is sufficient to enter 20-25 peaks as the input data . 
Another method[38] limited the number of spectral peaks to 30 ’ with an average of 
16.8 peaks per spectrum, while an average of about 20 peaks per compound stored in the 
18,5000 JK spectra was also reported [15]. 
After examining a large number of JK spectra from both the British 
Pharmacopoeia and the Chines Pharmacopoeia , it was found that it is sufficient to enter 
25-30 peaks as the input data base on our concept of the effective peak . A maximum of 
40 effective peaks was designed for the wavenumber region from 2000 to 400 cm'^  . 
When the actual peak numbers are less than 40 , the empty elements are assigned the value 
of -5.00 for wavenumber and -1.00 for the NF% . Because for the peak position and 
NF % cannot be coded as -5.00 and -1.00 in the proposed system， -5.00 and -1.00 
are really used as stop signals for library search • 
With this data structure，each data file contains the information necessary to identify 
the sample . It makes the library search very efficient and prefilter is also made possible . 
2.3.8 Repeated trials for measuring IR spectra 
Every physical measurement is subject to a degree of uncertainty .Unfortunately , 
there exists no simple ’ generally applicable means by which the quality ofan experimental 
result can be set with a reasonable degree of certainty . The chemist generally repeats the 
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analysis ofagiven sample two to five times [64]. However，in general the spectroscopic 
reports on JK spectra are based on only single measurement. When making TR database， 
the reproducibility ofthe spectra is a very important index for observing the quality ofthe 
spectra . The Aldrich collection [65] examined all Hl spectra in duplicates , and better 
spectrum was selected in each case • The Pharmacopoeia of Japan[66] stipulates the 
reproducibilities for both transmittance and wavenumber for repeated trials in n i 
spectrophotometry . It has been reported that when editing the JR. spectra of the Chinese 
Pharmacopoeia , great attention was paid to the good reproducibility for each sample 
measured [67]. 
From the discussion above mentioned，we may recognize the fact that the sample 
spectra in some JK collections are the results of the repeated trials . 
In the proposed method , each spectrum is scanned or measured three times . With 
the repeated trials we can make judgments for numerical differences in the IR library 
search. 
2.4 Conclusion 
A new approach to coding n i spectral data files is proposed based on statistics 
The concepts of "effective peak" and "normalization factor’，are defined for the coding 
system. The coding system utilizes mean position and mean normalization factor ofthe 
effective peak .Through the procedure of picking effective peaks , the feature extraction 
for spectrum is accomplished . Based on the feature extraction , the effective peaks not 
only contain the information of the sample spectra but also can be used for repeated 
experiments . A key feature ofthe coding system is that the normalization factor for the 
peak intensity is independent upon the concentration of the sample . Because the 
normalization factors precisely show a relative intensities of effective peaks , the 
normalization factors of peak intensities can be compared for spectra of the same 
compound from different sources . 
With the menu-driven software , it becomes possible to code TK zero order and 
derivative spectral data files imported by communication from a spectrometer to the 
computer. 
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The algorithm for picking effective peaks has been formulated and the coefficients 
can be ascertained with an external intercalibration. 
The new approach introduced here offers a simple , reliable and practicable method 




LIBRARY SEARCH SYSTEM OF IR SPECTRA 
3.1 Overview 
The library search process runs in two steps [1]: 
(1) comparison of the digital representations between the unknown and the references 
according to pre-fixed criterion of similarity ; and 
(2) output of a list of reference spectra similar to the unknown . 
In a library search system, the most important feature is that when spectra are 
compared, chemical structures can be implied . We tactically assume that similar 
spectra may suggest similar chemical structures [2]. The computer comparison of 
similarity between two numerics may often be difficult , especially when trying to 
establish the criteria of similarity of IR spectra in library search system. 
In general ,the similarity of the unknown to each reference spectrum is computed as 
the "distance" between the two points in the hyperspace . This is the basis of the nearest-
neighbor technique[3] , which· assigns features to an unknown compound based on the 
features contained in the compounds whose spectra are "closest" to it . 
Rann[ 4] proposed using the concept of "error" which sums the differences between 
compared figures quantitatively as means of measuring the degree of similarity. Tanabe 
et al. [5] suggested that the similarity of two spectra is judged by computing the 
correlation coefficient . The use of "score" to express similarity has also been reported 
[6] . If a match is obtained, the reference is given a positive score whereas a negative 
score is given when a mismatch happened [7] . Penski et al. [8] derived two equations for 
the calculation of the match sum and the match results according to the weights of the 
match. In contrast, Tanabe strongly promoted the concept of "score" after exammmg 
more than 20 scoring equations [9] . 
In this thesis , our attention is focused on statistics and to give a general meaning 
equation describing the similarity between two spectra. 
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The library search system designed is expected to give useful results in a wide range 
of applications based on the different database and must fulfill the following conditions 
• 
(1) the system must be able to search for the unknown from the library spectra • Not only 
can it search for a reference compound which is identical to the unknown，but can 
also supply users with an ordered list ofreference compounds which are similar to the 
unknown ； 
(2) the output from the system has to give a quantitative measure of similarity for the 
reference compounds retrieved . ln particular，the system has to alert the user if no 
useful reference is found ； 
(3) to be efficient，the system uses prefilter strategies matching the problem on hand • 
The prefilter strategies is adaptedtothethinking ofthe chemists; 
(4) the system must be user ftiendly in which advance knowledge of Quattro pro is not 
needed ； 
(5) unknown input for search and addition ofnew spectraldatamustbeautomatedto 
maintain error free status ； 
(6) both spectral and non-spectra data searchmaybe conducted; 
(7) not only can be conducted on the unknown spectra，but it can also be used for the 
confirmation ofknown spectral data ； and finally 
(8) a successful library search program should include a program verifying instrumental 
condition，interpolation and vemier performance in the system . 
The purpose of the present work is to develop a new library search system， 
"effective Peak Matching" method，for matching sample spectrum with reference spectra 
using statistical criterion is derived for the problem • 
3.2 Experimental 
3.2.1 The effective peaks matching (EPM) method 
Step 1 (prefiltering) 
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Its purpose is to select a number of reference compounds for subsequent 
comparison • Three largest peaks are selected from the sample spectrum . Using t-test as 
described in Section 3.3.4，the positions (or both positions and normalization factors) of 
these three peaks are compared in tum with those ofthe three largest peaks in a reference 
spectrum • All reference whose spectra have at least one JK peak matched with those of 
the sample spectrum are selected • 
It is noted that the significance level of 0.01 and not 0.05 is more appropriate here, 
whereas for steps 2-3 the significance level of0.05 is preferred . 
Step 2 (wavenumber comparison) 
The wavenumber of each peak in the sample spectrum is compared with all the peaks 
in one ofthe reference spectra selected in step 1 using Eq.3.2 . 
Step3 (nf comparison) 
The normalization factor ofeach matching pair determined in step 2 is compared using 
Eq.3.2 . 
Step 4 (transportation of comparing results to the buffer station ) 
The compared results of the reference spectra are transported to the buffer station . 
Steps 3 and 4 are repeated for all reference spectra selected • 
Step 5 (matching ofspectra) 
The total membership functions (also known as the similarity scores ) for the 
comparison ofthe sample spectrum with each selected reference spectrum are calculated 
using Eq. 3.3 . The function is then arranged in a descending order ofmagnitude . 
Note that the software automatically selects the default parameters for the appropriate 
significance levels，however，user command is also available • 
3.3 Theory 
3.3.1 Comparison between the sample and the reference spectra 
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bitheproposed library search system, t-test is used to compare the wavenumber and 
the normalization factor ofeach ofthe effective peak in the sample spectrum(S) with the 
corresponding peaks in the reference spectra (R). 
In the method proposed in this thesis，the wavenumber and absorbance of each peak 
are measured three times • The calculated t-value，W，is given by 
t 一 X s - X R (Eq.3.1) 
“ � M + S'RV) — 
where Y is the mean wavenumber ofthe effective peak in the sample spectrum，X& 
s 
is the mean wavenumber ofthe effective peak in the reference spectrum，Ss and SR are 
the respective standard deviations of the measurements which are important parameters 
because they directly affect f ^^, . In order to give the empirical distribution of the 
measured standard deviations in repeated experiments , the data in the form of the 
cumulative relative frequency are summarized . Eq.3.1 may be replaced as Eq.3.2， 
= Z l z Z ^ (Eq.3.2) 
“ai Sp^f2l3 
where Sp is the standard deviation of the wavenumber which was obtained when the 
cumulative frequency equals « 0.997 . The details about obtaining Sp for the 
wavenumber is shown in Appendix 1-7 . Sp were found to have the values of 3.87 in 
Table A.L7.1 (Appendix I-7) and 1.66 in Table A.L7.3 (Appendix I-7) for the zero-order 
and the first-order derivative spectra，respectively • 
The same equation is applied to the normalization factor of the respective effective 
peaks • For the standard deviation ofthe normalization factor，Sp were found to have the 
values of 2.78 in Table A.L7.2 (Appendix I-7) and 0.87 in Table A.I.7.4 (Appendix I-7) 
for the zero-order and the first-order derivative spectra，respectively • 
ln the library search system，users have three choices for the standard deviations . 
The first is the default values obtained from the cumulative relative frequency . The 
second is using the values ofthe key cods which are the maximum standard deviations of 
the wavenumbers and NF % among all the effective peaks between the unknown and each 
target • The third choice is that the standard deviations can be given by the user • 
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3.3.2 Wavenumber and normalization factor matches 
Ifthe tcai is less than the corresponding critical value, tc，then there is a match between 
an effective peak in the sample spectrum with the corresponding peak in the reference 
spectrum. 
Ifthe tcai for the comparison ofthe means ofthe wavenumbers of the effective peaks 
in the sample and a reference spectra is less than the critical value of tc，the case is 
defmed a wavenumber match . If for one data pair，the wavenumber match is satisfied , 
and tcai for the comparison of the means of the normalization factors of the 
corresponding effective peaks in the sample and this reference spectra is simultaneously 
less than the critical value oftc，this case is then defmed as a normalization factor match • 
3.3.3 Matching ofspectra 
A library search requires a figure ofmerit to measure the similarity between sample 
and reference spectra . ZUrcher et al. discussed in detail the general theory ofsimilarity 
[2]. 
La our library search system , similarity，M(T)，is objectively defmed as a total 
membership function [10] . Assuming the similarity can be decomposed into 
wavenumber match and normalization factor match，where M(T) is affected equally by 
M(wave) and M(nf) as shown in Eq.3.3，it is used to assess the agreement between the 
sample spectrum and a reference spectrum . Note that M(wave) and M(nf)，defmed by 
Eq.3.4 and 3.5 respectively，measure the degrees of matching between the wavenumbers 
and the normalization factors for the intensities，of the effective peaks in the sample 
spectrum with those in the reference spectrum . 
M ( T ) = M (wave) + M ( n f ) (Eq33) 
M(wave) = AwavexBwavexCx50.00 (Eq.3A) 




where n is the number of effective peaks in the sample spectrum whose wavenumber 
,^^oyg 
matched those in the reference spectrum • tc is the critical value and 艺 / is the 
1=1 w 
sum ofthe calculated value o f t according to Eq.3.2 • Note that Awave =1 has the value of 
1 for perfect matching of wavenumber of the effective peaks between the sample and 
reference spectra • B wave, is defined by Eq. 3.4-2 • 
o = B } ^ (Eq.3.4-2) 
AJwave. A T 
iV ref 
where Hef is the number of effective peaks for the reference spectrum , and Bwave =1 for 
perfect matching in the wavenumbers between the sample and reference spectra • 
C= ratio between Nref and Nsampie ^ 1 (Eq.3.4-3) 
where Nsampie is the number ofeffective peaks in the sample spectrum • 
Furthermore，C = Hef 丨 Nsampie, if Hef <Nsampie (Eq.3.4-3a) 
C = N s a m p l e / N r e f ， i f H e f > N s a m p l e (Eq.3.4-3b) 
Noted that M(wave) = 50.00 for perfect matching in wavenumbers between the 
sample and the reference spectra • Eq.3.5 defmes M(nf) • 
M(nf) = AnfxBnfxCx50.00 (Eq.3.5) 
where C is as defmed in Eq.3.4-3 ； and 
An,= ^ ^ (Eq.3.5-1) 
LL 
i=l 
where Hnf is the number of effective peaks in the sample spectrum whose normalization 
factors matched those in the reference spectrum，and S C / is the sum ofthe calculated 
i=i 
value o f t . Note also that A^has a value of 1 for perfect matching ofthe normalization 
factors ofthe effective peaks between the sample and the reference spectra ； 
F u r t h e r , B n f = ^ 狗 . 3 . 5 - 2 ) 
jyiref 
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where，as defmed above，Hef is the number of effective peaks for the reference 
spectrum，and Bnf =1 for perfect matching in normalization factors between the sample 
and reference spectra. 
It can also be seen that M(nf) = 50.00 for perfect matching in normalization factors 
ofeffective peaks between the sample and reference spectra • Ifboth wavenumbers and 
normalization factors of the effective peaks of the sample and reference spectra are 
matched ( M(wave)=50，and M(nf)=50), then for a perfectly matched spectra， 
M(T) = M(wave)+M(nf) = 100 脚 3 . 6 ) 
3.3.4 Prefilter strategies 
A number of prefilter strategies have been developed and they are discussed in 
following sections. 
3.3.4.1 Interchangeable W3+PEPN prefilter strategies 
The interchangeable W3+PEPN prefilter strategies are developed • Where，W3 
means the corresponding to Wavenumbers of the first 3 largest NF % and PEPN 
means the Probable Effective Peak Numbers • In the strategies , some key codes of 
unknown spectra are selected as the prefilter criteria . 
(1) the number of effective peaks ； 
(2) the wavenumber corresponding to the largest NF %; 
(3) the wavenumber corresponding to the second largest NF % ； 
(4) the wavenumber corresponding to the third largest NF % ； and 
(5) SD ofthe wavenumbers ； 
When using the strategies , t-test level(a) uses the default value or it can be 
changed by the user . Only library spectra accorded with the logical criteria of 
interchangeable W3+PEPN are included in the actual search spectra • The actual search 
spectra specify the subset ofthe database and the interchangeable course is specified as 
follows. 
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Type ^ Criteria Compared values 
Comparison Unknown Spectra Reference spectra 
J UWl+UEPN+AEPN RWl+REPN 
2 UWl+UEPN+AEPN RW2+REPN 
3 UWl+UEPN+AEPN 一 RW3+REPN 
4 UW2+UEPN+AEPN RWl+REPN 
5 _ UW2+UEPN+AEPN ^W2+REPN 
6 UW2+UEPN+AEPN 1 ^ 3 + R E P N — 
J _ _ Z ^ UW3+UEPN+AEPN “ RWl+REPN 
j UW3+UEPN+AEPN RW2+REPN 
9 UW3+UEPN+AEPN RW3+REPN 
UW1 means the corresponding wavenumber of the first largest NF % in the unknown 
spectra ； 
UW2 means the corresponding wavenumber of the second largest NF % m the unknown 
spectra ； 
UW3 means the corresponding wavenumber of the third largest NF % m the unknown 
spectra ； 
UEPN means the effective peaks number of the unknown spectra ； 
AEPN means the probable region of the effective peaks number ； 
RW1 means the corresponding wavenumber of the first largest NF % in the reference 
spectra ； 
RW2 means the corresponding wavenumber ofthe second largest NF % in the reference 
spectra ； • 
RW3 means the corresponding wavenumber of the third largest NF % m the reference 
spectra ； and 
REPN means the effective peaks number ofreference spectra ； 
The logical judgment for comparison type 1 is expressed as shown in Eq.3.7， 
RWl > UW\ 一 ta4f X Sm AND#RW1 < UWl + ta,df 乂 識 AND# 
REPN> UEPN - AEPN# AND# REPN < UEPN + AEPN 0Eq.3.7) 
Similar logicaljudgments are written for the other types ofcomparison . 
3.3.4.2 Interchangeable W3+3NF+PEPN prefilter strategies 
This is a more extended approach to prefilter strategies . Li the interchangeable 
W3+3NF+PEPN strategies，where 3NF means the first 3 largest N F %，a l l the key 
codes ofthe unknown spectra are selected as the prefilter criteria and they are : 
(1) the number ofthe effective peaks ； 
(2) the wavenumber corresponding to the largest NF % ； 
(3) the wavenumber corresponding to the second largest NF % ； 
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(4) the wavenumber corresponding to the third largest NF % ； 
(5)thelargestNF%; 
(6) the second largest NF %; 
(7) the third largest NF % ； 
(8) SD ofthe Wavenumbers (SDW); and 
(9) SD ofthe NF % (SDN) • 
Like 3.3.4.1，only library spectra accorded with the logical criteria of 
W3+3NF+PEPN are included in the actual search spectra . 
In this method，the values of the first three largest NF % for both the unknown and 
each reference spectra are recalculated before engaging the prefilter strategies. The first 
three largest QS[Fi%) are modified from 
m % ) = ^ % + g L v F 3 % x l 0 0 (Eq.3.8-a) 
{NF,%) = M ^ ; L v F 3 % X100 (Eq.3.8-b) 
{NF,%) = - : ; = - 3 % X100 (Eq.3.8-c) 
where _%)，OS[F2%) and O^3%) are the new values for the first，second and 
third largest NF % as the logical criteria for prefilter strategies • The NFi%，NF2% and 
NF3% are the original values ofthe first, second and third largest NF % in the coding 
files for both the unknown and each reference spectra • 
When using these strategies，again t-test level(a) uses the default value or it can 
be changed bytheuser. We specifythe interchangeable course as shown below • 
1 ^ ^F] Criteria 一 Comparedvalues 
Comparison Unknown Spectra Reference spectra 
1 UWl+UEPN+AEPN+(UNFi%) RWl+REPN+(RNFi%) 
"2" l)wi+UEPN+AEPN+(UNFi%) RW2+REPN+(RNF2%) 
~ ljWl4-UEPN+AEPN+(UNFi%) RW3+REPN+(RNF3%) 
"5 UW2+UEPN+AEPN+OJNF2%) RWl+REPN+(RNFi%) 
5 UW2+UEPN+AEPN+(UNF7%) RW2+REPN+(RNF2%) 
y uw2+uEPN+AEPN+0jNF2%) Rw3+REPN+(RNF3%) 
T TjW3+UEPN+AEPN+gjNF3%) RWl+REPN+(RNFi%) 
X Tjw3+UEPN+AEPN+(UNF3%) RW2+REPN+(RNF2%) 
T " Uw3+UEPN+AEPN+(UNF3%) Rw3+REPN+(RNF3%) 
(UNFjO/o) means the first largest NF % in the unknown spectra ； 
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(UNF2%) means the second largest NF % in the unknown spectra ； 
(UNF3%) means the third largest NF % in the unknown spectra ； 
(RNFi%) means the first largest NF % in the reference spectra ； 
(RNF2%) means the second largest NF % in the reference spectra ； 
(RNF3%) means the third largest NF % in the reference spectra ； and 
REPN means the effective peak number of reference spectra • 
The logical judgments for comparison type 1 are expressed as shown in Eq.3.9， 
RWl>UW\-t,^xSDW#ANmRW\<UW\ + tc.^xSDW#ANm 
REPN > UEPN - AEPN#ANm REPN < UEPN + AEPN#ANm 
(i2M^%)>(OVZ<%)-r,^ X SDMANm{RNF,%) < ( _ % ) + 4 , # 乂 • (Eq.3.9) 
Similar logicaljudgments are written for the other types ofcomparison . 
3.3.4.3 Other prefilter strategies 
Additional twelve prefilter strategies may be defined using the following values as 
prefilter criteria: 
(1) using the effective peak number of the unknown as a prefilter criterion ； 
(2) using the probable number ofthe effective peaks as a prefilter criterion ； 
(3) using the newly generated values of the first three largest NF % ofthe unknown as 
prefilter criteria ； 
(4) using the whole range of wavenumbers of the effective peaks of the unknown (i.e. 
400 to 2000 cm'i) as prefilter criteria ； 
(5) using the whole range ofnormalization factors of the effective peaks ofthe unknown 
(i.e. 400 to 2000 cm"^ ) as prefilter criteria ； 
(6) using both the whole range of normalization factors and the whole range of 
wavenumbers and of the effective peaks of the unknown (i.e. 400 to 2000 cm_i) as 
prefilter criteria ； 
(7) using the whole range of wavenumbers of the effective peaks of the unknown (the 
wavenumbers are input from large to small NF % sequences ) as prefilter criteria ； 
(8) using the whole range of normalization factors of the effective peaks ofthe unknown 
gSTF % are input from large to small sequences ) as prefilter criteria ； 
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(9) using both (7) and (8) above of the effective peaks of the unknown as prefilter 
criteria ； 
(10)using the corresponding wavenumbers ofthe first three largest NF % and the most 
probable number ofthe effective peaks as prefilter criteria ； 
(11)using the first three largest NF % and the most probable number of the effective 
peaks as prefilter criteria ； and 
(12)using the first three largest NF % , the corresponding wavenumbers and the most 
probable number ofthe effective peaks as prefilter criteria . 
3.3.5 The confirmation ofknown sample spectra 
In drugs control，it is often required to confirm known samples by their JK spectra 
. ] n this library search system，the following items can be used as criteria for the 
database of pharmaceuticals • 
(1) the Memational Nonproprietary Name in English (JNN)； 
(2) molecular formula ； 
(3) molecular weight ( 2 significant figures) ； and 
(4) chemical abstracts registry number • 
In an extended approach，the wildcards search is developed . Wildcards search 
allow users to locate records when their precise spelling is not ascertain • (1) and (4) 
above may also be used as criteria for wildcard search • 
3.4 Results and discussion 
3.4.1 The basic model of the library search system 
Ifa search plan is mainly designed to search an identical spectrum to the sample from 
the reference spectra，this search is called an identical search . If a library search system 
is to retrieve a similar spectra to that ofthe sample from the reference spectra，this is 
called a similarity search [2]. Apart from these techniques，the comparison of an 
unknown and the reference spectra may be carried out in a forward search • A forward 
search gives preference to reference which exhibit features not displayed by the sample 
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over references which lack features present in the sample • This means that the reference 
spectra showing all the features of the sample plus some surplus features [1]. 
Our library search system not only uses identity search but also uses similarity 
search • The algorithm for a forward search has been implemented in the database of 
pharmaceuticals where by the software compares the unknown to the reference spectra . 
It is clear that ifwe multiply Eq.3.4-2 by Eq.3.4-3a，the following equation is obtained . 
yiwave. X Nref _ Ttwave. (Eq.3.10) 
^Jref N^sample A^^  sample 
For the normalization factor , we also multiply Eq.3.5-2 by Eq.3.4-3a to obtain Eq.3.11 
• 
_Zk_ y J ^ ^ = - ^ (Eq.3.11) 
~Nref ^^sample ^Nsample 
If the number of effective peaks for the reference spectra is greater than that for the 
sample spectrum，the Eq.3.4-3b is used • hi this case，C item is less than 1 and 
should be given a penalty • This may be a reasonable approach for solving the 
problem ofaforward search • 
3.4.2 Search algorithm 
At present，there are two kinds of search algorithms used in the literature • Erickson 
[11] proposed that the unknown is compared point to point against the library spectra 
using four algorithms • All ofthese functions provide some measure of similarity in the 
form ofdistance • Alternatively Lowry et al. [3] proposed that the unknown is compared 
point to point against the library spectra also by other four algorithms，in which the 
algorithms of Msq and Msd are suitable for search a noise and very small signal-to-
noise spectra ,respectively [12]. 
The approach to search algorithm developed based on Eq.3.2 is to fmd the 
wavenumber and NF % matches based on statistical t-test • The advantages of Eq.3.2 are 
as follows : 
(1) it uses the t-test to judge the significant ofboth wavenumbers and NF % ； 
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(2) it is not a fixed point-to-point comparison and it is each effective peak position point 
of an unknown compares with all those ofthe reference ； 
(3) it uses the mean values which are more reliable than individual value ； and 
(4) the equation has statistical meaning，therefore，the result may be subjected to 
hypothesis testing. 
3.4.3 Tolerance ranges for peak position and normalization factor 
A tolerance range must be allowed in matching peaks locations because of the 
variations between instruments and the reliability on published spectra[7] Anderson et 
al. [13] imposed a 土0.1 micro tolerance for each originally coded spectral peak • The 
Saddler Handbook of TK spectra allows a tolerance of ±10 cm'^  when comparing the 
codes ofthe unknown against the Spec-Finder Codes[14] • Heiter applied windows of 
width 0.3 fxm and 0.5 ^m on both sides of a peak position [15] • Tanabe et al. [6] 
proposed a tolerance for the peak position data as a function of Ka^ whereas Penski et 
al. [8] proposed a wavelength correction procedure to correct for linear wavelength 
displacement. 
We proposed to use statistics to deal with the errors formed from peak location or 
intensities • t i this method，measurements are made three times for both sample and 
reference spectra，and the t-test[16-17] is used to compare the wavenumber and 
normalization factor of each effective peak of the sample spectrum with those of the 
corresponding peak in the reference spectrum . The result is then subsequently used to 
measure how good a match has been obtained between the sample and reference spectra 
(see Theory Section )• 
3.4.4 The algorithm of similarity 
The algorithm of similarity is the core feature of a library search • Although some 
algorithms have been proposed，new approaches are warranted • Because the "error" 
does not have relative meaning，using error to judge [4] similarity is not a good 
method . Using correlation coefficient as a measure of similarity [5]，the results showed 
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that wavenumber shift greater than 3 cm'^  give rise to large change in correlation 
coefficient，thus render the method limited . The use of the so-called “score，，for defining 
similarity showed improvement but a general meaning of similarity is difficult to 
define [7-8]. 
We defmed the similarity between a sample and the reference spectra as a membership 
fimction which is based on probability distribution • The concept of the membership 
function results from the fuzzy set theory • A fuzzy set is characterized by a membership 
function • It has been pointed out that the membership function can be defmed 
objectively by probability distribution [18]. Because all the spectral data in our JK 
database are obtained by repeated trails，the issue ofjudging the difference between two 
means can be reasonably solved by statistical testing . If 
A wave. 一 B wave. — C — 1 
the wavenumber similarity in Eq.3.4 can arrive at a perfect match between a sample 
and the reference spectra • Whereas all three items are a combination for forward 
search，Awave. takes into account the quality of matching effective peaks positions • If 
wavenumbers between a sample and the reference are matched，A wave. = 1 • If B wave, 
accounts for the rate of exhibition， the relevant position features of a sample are 
exhibited by the reference spectra . Absence of a feature of the unknown in the 
reference is penalized .When B wave. = 1，all the features of the effective peak positions 
are exhibited by the reference spectra . Since C indicates the ratio of effective peak 
numbers between a sample and the reference spectra，C = 1 when the number of 
effective peaks in a reference is equal to the number of effective peaks in a sample . If 
the number of effective peaks in a reference is greater than or less than the number of 
effective peaks in a sample，both cases are penalized by C . 
Library search system generally treats the reference spectra and the sample 
spectra differently • The selected reference spectra in principle show all the relevant 
features exhibited by the unknown • However，we cannot assume that if a reference is 
somewhat similar to a sample，then the sample is similar to the reference to the same 
extent [19]. This asymmetric treatment ensures that a reference compound considered 
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similar to a given unknown contains the unknown as a part，rather than being a part of 
the unknown • 
3.4.5 Prefilter ofl ibrary search system for unknown 
For an identity search system，it is clear that the library has to contain all the 
compounds to be identified . For a similarity search system，suitable references for all 
conceivable unknowns are required • Thus the probability of having useful reference 
samples in the library increases with the size of the library • On the contrary，the 
increased size of JK spectral library and the corresponding increased in time and cost 
required to perform a standard library search is the primary motivating for designing 
less time-consuming search algorithms . These algorithms normally select a subset of 
the potential spectra which may be the most possible targets from the JR spectra 
database and the prefilter processes fmish rapidly .When beginning a library search，the 
first step is normally the application of prefilter strategies as the criteria of selecting 
the reference spectra followed by comparing the unknown with the selected subset. 
Relatively little work have been reported on prefilter strategies for JR library searches 
20]. The Sadtler [21] used the strongest peak position as prefilter because the strongest 
peak positions between an unknown and the targets are almost the same，thus matching 
of other information of the peak position may be carried out • Anderegg et al. [22； 
proposed the use ofthe difference squared merit to quickly search spectra of interest • 
Bjerga et al. [20] used the method of Euclidean distance metric to decrease the 
performance of time of a standard library search • 
The basic designing criteria of the algorithms proposed here are as follows : 
(1) the Sadtler's prefilter method is used as a starting point ； 
(2) in general，the larger NF % ofthe effective peaks the better the reproducibilities ； 
(3) the miscoding errors may be little for the strongest absorption peaks ； and 
(4) the strongest absorption peaks are the peaks of interest in any empirical approach to 
interpretation of JK spectra • 
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Accordingly，the attention is focused on the strongest absorption effective peaks • 
We notice that ifthe difference between the first largest NF % and the second largest NF 
% is large，the Sadtler method works well . On the contrary，if the difference between 
the first largest NF % and the second largest NF % is small，the Sadtler method failed • 
For a general library search，we propose the use of the interchangeable W3+PEPN 
prefilter strategies (see Eq.3.7) because more general and complex cases have been 
considered in the library search compared to the Sadtler method . This algorithm is more 
powerful with small failing rate compared to the Sadtler method . Li the next step , we 
propose the interchangeable W3+3NF+PEPN prefilter algorithm because information 
has been added as criteria rendering an enhancement in its capability ofselecting subsets . 
Additional twelve prefilter algorithms (see 3.3.4.3) have been developed • ^i most 
cases，large number of irrelevant spectra are quickly filtered to give the valuable 
targets • 
3.4.6 The program of verifying instrument，interpolation and vernier 
performances 
We have noticed that if both wavenumber and absorbance data measured by 
spectrometer，or by interpolation，or by vemier are not correct，a successful search can 
not be obtained in spite ofthe use more of sophisticated search algorithm • Thus，their 
verification are essential . To fmish the task，a user friendly program for verifying 
instrument，interpolation and vemier performances has been designed • 
It is preferable that the calibration sample is stable，easily transportable and 
required minimum sample preparations • In the Chinese[23], British[24] 
Pharmacopoeias and the Pharmacopoeia of Japan[25]，polystyrene film is used as a 
common standard for the calibration of the wavenumber scale • Bames et al. [26； 
reported that polystyrene film can be used for instrument performance check • 
Based on thses，polystyrene film is used as a common standard for the calibration 
of the wavenumber scale and corresponding normalization factor • The details about 
those are shown in Appendix 1-8 • 
It can be seen from Tables A.I.8.1 and A.L8.2 in Appendix 1-8 that the variations 
of measuring the wavenumbers and the NF % in the different spectrometers with the 
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same polystyrene film are not considered to be significant to produce large variations for 
the polystyrene film • 
To confirm the spectral data consistency with the different sources and the 
different methods for the peak tables of polystyrene film references，the verification 
experiments were executed . The details about those are shown in Appendix 1-9 .From the 
results shown in Tables A.L9.1 and A.L9.2 (Appendix I-9)，the variations of the data in 
the peak tables for the polystyrene films obtained in the different sources and the 
different methods for the peak tables of polystyrene film references are not considered to 
be significant. These results suggested that the accuracy and the precision ofmeasuring 
the ER spectra of polystyrene films by the interpolation and by the vemier methods are 
acceptable • Based on these experiments，polystyrene film is suggested to be an 
acceptable performance check material for verifying instrument，interpolation and 
vemier • 
In the verifying program，statements of instructions and comments for the 
parameters measuring polystyrene film are given . Experiment results at the 10 specific 
peak positions are entered by the user . When the t-test results between the user andthe 
reference obtained from the term of wave,^ in Table A.I.9.1 and the term of nj\�in 
Table A.L9.2 are not statistically significant at 95% confidence level for both the 
wavenumbers and the NF %， t h e user will be told "pass the verification test !" • 
Otherwise，the user will be told "cannot pass the verification test!" We suggest that 
before a library search ofJK spectra is executed，a verification test should be carried out • 
3.5 Conclusion 
A new approach to a library search system of JR spectra is constructed in this 
Chapter . The search algorithm is based on the concept of matching an effective peak 
between sample and potential target spectra using t-test on the repeated trails between 
sample and reference spectra • Eq.3.2 is proposed as a means of judging the 
differences between two spectra . The characteristics of Eq.3.2 is that it compares one 
effective peak position in an unknown spectra with each effective peak position in the 
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reference spectra selected . It can also effectively eliminate the wavenumber shifts of 
effective peaks • Because the search algorithm is based on statistics，subsequent 
hypothesis testing is possible . 
Li a more sophisticated approach，similarity is objectively defined as a 
membership function whereby the degree of the membership function is controlled by t-
test. 
Based on the empirical distribution of the measured standard deviations of both 
wavenumbers and normalization factors in repeated experiments，the standard deviations 
ofboth wavenumbers and normalization factors for zero order and derivative spectra are 
obtained • 
We also propose the interchangeable W3+PEPN and W3+3NF+PEPN prefilter 
strategies for a library search • Because more general and complex cases in the library 
search have been considered，the algorithm is more powerful and proved to less failure 
compared to that of the Sadtler method • Using these prefilter strategies，the targets 
which are similar or identical to the unknown may be searched quickly .This is suggested 
as an alteration method to solve the problems of large database size and long search 
times. 
To ensure a successful library search，a program for verifying instrument， 
interpolation and vemier performances was also developed . 
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CHAPTER 4 
IDENTIFICATION OF PHARMACEUTICALS 
BY THE IR DATABASE OF 
PHARMACEUTICALS 
4.1 Overview 
A pharmaceutical should meet the requirements that it is both safe and effective . 
JK spectrometry has long been accepted as the prime method for identification of 
pharmaceuticals . A peak-for-peak match of JR spectrum of a pharmaceutical against a 
reference spectrum published in a pharmacopoeia frequently provides the most positive 
method available for the identification of the pharmaceutical in question • It has been 
pointed out in a pharmacopoeia that the JK absorption spectrum of a substance is 
characteristic of its chemical structure [1] . For this purpose，some pharmacopoeias[2-3: 
collected JK spectra as the authentic standards for the quality control for the 
pharmaceuticals . Although the method has been used to many years for identification of 
pharmaceuticals , there exist some drawbacks : 
(1) because of the different sizes，formats and scales of the spectra， the visual 
comparison of a measured spectrum with the spectra compiled pharmacopoeia is a 
time-consuming task and difficult ； 
(2) because JK spectra are very complex curves，comparing a spectrum with the 
corresponding reference spectra by visual inspection is still a problem even if the two 
spectra are similar in formats and scales ； 
(3) the DR. spectra are affected by a number of factors including the conditions of the 
spectrometers; 
(4) to check the spectra compiled in different pharmacopoeias or different atlases is often 
a difficult job even for a known spectrum • For example，the spectra formats， 
wavenumber regions，and the scales of wavenumber and transimittance between the 
British (BP) and the Chinese pharmacopoeias (CP) are all different ； and 
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(5) because the concentration of a compound used in running the sample spectrum is 
usually different from that used in the reference spectrum，it is a bewildering problem 
to compare the relative intensities of the two spectra . 
4.2 Recent studies 
Rann [4] proposed a system for the automatic sorting JR spectra for the rapid 
identification of pharmaceutical products called the Rann's system • Choulis et al. [5] 
developed a computer method for the identification of drugs of abuse where the peaks 
were identified by assigning digit numbers 1 to 44 and the library collected 43 drugs of 
abuse • Searching the JK spectra of 103 drugs collected in CP by fuzzy method was 
proposed where the spectra were coded by 14 zone method [6]. For CP lR spectra， 
Atlas ofLifrared Spectra ofDrugs，coding and searching ofJR spectra by five zone peaks 
was developed [7]，where the tolerance of wavenumber was arbitrarily specified from 0 
to 9 cm_i，and the absorption peaks were defmed as the "distinguished peaks" . A 
coding 201 organic toxicants by 18 zone method [8] was also developed • 
The zone with the information of peak intensity for the CP was proposed [9], 
where the wavenumber region was divided into 10 blocks and the peak intensities 
defmed in arbitrary codes，and the method of calculating similarity was very similar to 
that of the Rann's error method [4]. Although in this coding method , absorption 
intensity was used，yet the method for coding peak intensity is rough and this 
information cannot be very effectively used . 
Because most these methods requires exact peak matches , it is difficult to deal with 
shifts on the position of peaks [5] • With zone coding systems，the spectral feature in the 
form of a line position has to be assigned to a predefined spectral interval • For example 
，a fixed interval ofllOO-1000 cm] [6,9,10] means that a line at 1001 cm"，but not at 
999 c m ] ， i s assumed to lie in this interval . All such coding algorithms had the 
disadvantage that some really important information was lost forever • Most of these 
systems are designed only for identity search and the sets of identity search were very 
limited . Li real life situation，however ’ we do not have prior information about the 
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unknown . Further in a research environment，where the emphasis is on new compounds 
，a pure identity search system is obviously pretty useless . 
4.3 Experimental 
4.3.1 Instrumentation and Apparatus 
4.3.1.1 Measurement of spectra by using digital venire 
The spectra contained in British Pharmacopoeia[2] and Pharmacopoeia ofPRC[3] were 
used as reference spectra . The wavenumber and absorbance of each effective peak (for 
definition，see Section 2.2.4) were measured three times using a digital vemier (Mitatoyo 
Co.,Japan ； precision，O.Olmm). 
4.3.1.2 Measurement of spectra by using spectrophotometer 
A ¥TJR spectrometer model Nicolet 205 with a DTGS (Deuterated Triglycine Sulfate ) 
detector was used for measuring some spectra • These spectra were only used for the 
performance of the library search system .Both KBr pressed-pellet and Nujol mull 
handling techniques were used , and each spectrum was scanned three times • The 
parameters of spectrophotometer were same as described in Section 2.2.2.6 . The 
background was obtained using pure KBr pellet. 
4.3.2 Reagents 
Potassium bromide used was of spectroscopy-reagent grade . All other reagents 
used were of analytical-reagent grade • 
4.3.3 Computer program 
A 486DXL/40MHz computer Model Comtech with base memory 640kb and extension 
memory 15360kb was used for the coding and library search systems . The coding and 
library search Softwares were written in command menu of Quattro Pro software ( 
version 4.0 ) . Liput of JK data，output of coding files，library search and logical 
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controls were applied in the programs of the command menu trees. The coding system 
software was about 775,249 Bytes . The library search system software including the 
database of chemical drugs was about 3,438,827 Bytes . 
4.3.4 Library searches o f the IR database for pharmaceuticals 
Li order to assess the performance of the proposed library search system，we have 
designed two types of search experiments : in the first type the spectra ofthe "unknowns" 
being present in the reference spectra，whereas the spectra of the "unknowns" in the 
second type absent in the reference spectra . 
Li the first type of search experiment，20 unknowns were chosen and their spectra 
were coded by the proposed coding system , and the total membership function for each 
spectrum was calculated after preliminary retrieval by means of menu-driven macro of 
the search system • 
]n order to obtain the general representative results，we selected different ways of 
obtaining the JK spectral data of the unknown and reference spectra for comparison • 
The details are shown below . 
Item Unknown Reference 
1 "hiBP* hiCP 
2 hi CP* hi BP 
_3 Li BP Measured by a spectrometer 
_4 Li CP Measured by a spectrometer 
_5 Measured by a spectrometer Li BP 
_6 Measured by a spectrometer Li CP 
7 KBrpellet** 一 Nujol 
8 Nujol** KBrpellet 
*，means the spectra were collected in the British (BP) or Chinese Pharmacopoeias (CP). 
**，means the spectra were measured by the spectrometer using in KBr pressed-pellet or 
Nujol mull，respectively . 
Li the second type of search experiment，we assigned all compounds whose 
spectra are collected in our database of pharmaceuticals as unknowns • Each unknown 
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was represented once in the library • Before the library search，we first used the 
interchangeable W3+3NF+PEPN prefilter algorithm to select subsets，the potential 
targets were compared with the unknown • At same time，the membership function， 
M(T)，also known as the similarity score between an unknown and each reference was 
given by the program . Li order to observe the effect of the significance level for the 
search，we selected three different combinations for the significance level for prefilter 
and that for the library search for the performance test. 
Combination Significance level for prefilter Significance level for Library 
(Pi ) search 
i2n 
1 0 ^ 0 ^ 
2 0.01 “ 0.05 
3 0.05 0.05 
4.4 Results and discussion 
4.4.1 Selection of the IR atlases for pharmaceuticals 
There are three pharmacopoeias in common use : the United States(USP)， 
British(BP) and Chinese pharmacopoeias(CP). The USP widely uses the USP reference 
standards but does not collect JK spectra (note that USP also does not collect the UV 
absorptivities) . Both BP and CP collect the JK spectra . Hence，BP and CP are chosen 
as source for the original reference spectra of the pharmaceuticals . For the research，we 
need good quality in the printing of JR spectra and the scales for both horizontal and 
vertical axes should be of consistent for all JK spectra collected . To check the 
consistency，we selected at random ten JR spectra from each pharmacopoeia and then 
the distances (mm) of horizontal and vertical scales were measured using a digital 
vemier and the results are shown in Table 4.1 • 
Table 4.1 The ten results for measuring the distances of horizontal(wavenumber) and 
vertical(transmittance) scales in IR spectra collected by BP and CP 
Source Distance (mm) Standard deviation* Distance (mm) Standard deviation* 
from 2000 to 400 cm' cm_i from 100 to 0 T % T% 
horizontal scale vertical scale 
n = 1 0 n=10 
B P _ 160.36 0.18(0.11) 75.70 — 0.21(0.28) 
CP 131.18 0.16(0.13^ II 61.91 0.22(0.36) 一 
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* RSD in parentheses 
The results indicate that are good consistencies are shown for the scales of horizontal 
and vertical axes ofthe spectra collected by both BP and CP . 
A further part to note is that the names in CP(1990 version) are in Chinese names 
and Latin . As discussed in Section 2.2.7.2-B , we have specified to use LNN as the 
names of pharmaceuticals . Further , CA. Registry No. are not collected in the CP . It 
was time-consuming work for us to find the INN and the corresponding CA. Registry No 
from Latin name . After the work was completed , we are glad to find out the latest CP 
(in 1995 version) edition uses the INN instead of the Latin name [10 . 
4.4.2 IR data acquisition 
In the database for pharmaceuticals , the IR spectra were measured by the digital 
vernier . It is necessary to convert the scales in millimeter ( mm ) into wavenumbers 
(cm_i) and absorbances (Abs.)，respectively , using the following equations . 
For wavenumber : 
„ dis.xl600 
Wave = ~ ~ - — — + 400 (Eq.4.1) 
1^ 
where Wave, denotes the wavenumber , dis. is the horizontal distance from a point 
measured to the point when wavenumber = 400 cm'^  , and kj is the horizontal range . 
Based on the results shown in Table 4.1 , for BP , kj = 160.36 ； and for CP Jq =131.18 . 
For absorbance ； 
100 
Abs.: 2 -(log(100 - ( — ) X dis.)) (Eq.4.2) 
2^ 
where Abs. is the absorbance , dis. is the vertical distance from a point measured to the 
point when transmittance = 100 % , and k2 is the vertical range . Based on the results in 
Table 4.1，for BP，fe 二 75.70 ； and for CP fc =61.91 . 
A sub-program for transforming the distance data into wavenumber and absorbance 
has been developed in the coding system . When coding the CP or the BP spectral files , 
the distances from 0 to 100 %T and from 400 to 2000 cm] are shown on the screen . 
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After the user has selected the coefficients kj and k2 , the subprogram will automatically 
change the coefficients in Eq.4.1 and Eq.4.2 on the worksheet. 
4.4.3 Coding IR files of pharmaceuticals 
Using the coding system software，the spectra are coded into the coding files • There 
are many commentaries reminding the user about the coding system software • For 
coding BP and CP spectra files，the user need only select “V，，( it means ER spectrum is 
measured by the digital Vemier) and the program will tum the worksheets to the specific 
sub-program . When the absorbances are first entered the sub-program will check the 
data，and inform the user about the results and delete spectral data which do not result 
from the effective peaks . For the next step，the wavenumbers of the corresponding 
effective peaks are entered . After all data are entered , the user enters the stop signal，_1 • 
Now the sub-program begins to code the spectral data and relevant items and produces 
the coding file of the pharmaceuticals • 
4.4.4 Building the database for pharmaceuticals 
After obtaining the coding files of the pharmaceuticals，the disk file of the database of 
pharmaceuticals will be built. The block name of either TAB-A-W or TAB-B-NF，and 
the disk name are entered under the COPY-BLOCK command . In this way，we can 
directly build the database of pharmaceuticals one by one in error-free mode . Each 
block extracts from the coding file constituents the library data file of the pharmaceuticals 
.All the library data files combine to give the database of pharmaceuticals . 
4.4.5 Distribution of effective peaks 
The distribution of effective peaks in each library data file of the database for 
pharmaceuticals is shown in Figure 4.1 , where it can be seen that most spectra have 10-
20 effective peaks and the maximum number of effective peaks in this database is 31 • 
Hence，our design for a maximum of 40 effective peaks for each library data file is 
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Figure 4.1 The distribution of effective peaks in each library data 













Figure 4.2 The similarity scores distribution of the identity 
searching results for combinations 2 or 3 
better search result, it is desirable to enter as many peaks as possible [11] . Our design of 
the coding system has also provided room for the potential extreme cases . 
4.4.6 Evaluation of the performance of the library search system for 
pharmaceuticals 
4.4.6.1 The effect of significance level 
As mentioned previously , t-test is used to compare wavenumbers and 
normalization factors and hence a level of significance has to be decided for the 
prefiltering step as well as the library search step . The effect of these significance levels 
was assessed . pi and p2 as shown in Section 4.3.4 were tested . 
We took all the spectra of the compounds collected in the database of 
pharmaceuticals as unknowns . Further , out of these 20 spectra were selected and for 
each of these an additional spectrum was obtained from another source and these 
additional 20 spectra were all also taken as the unknowns . Each spectrum was compared 
with the other spectra in the database and the similarity score was calculated . The list of 
unknowns having similarity score above 90 obtained where both pi and p2 were taken as 
0.01(Combination 1) is shown in Table 4.2 . It can be seen that altogether there are 42 
names in the list for which 20 names appear twice . In fact，there are the 20 compounds 
having additional spectra included , and the similarity scores so obtained are all 100 except 
for one for isoniazid，whose scores is 94.12 . The last two compounds in Table 4.2 are 
different，and they have unexpectantly high scores of above 90，which is undesirable , 
and hence this combination should not be adopted . 
The last was repeated with pi=0.01 and p2=O.O5 (i.e. Combination 2) , it was 
found that the similarity score for all the compounds in Table 4.2 equal to 100 except for 
salicylic acid (score 95.83)，isoniazid (score 94.12)，vincristine sulfate(score 70.83) and 
vinblastina sulfate(score 70.83) . Obviously ’ combination 2 is better than combination 1 as ‘ 
the score for the unknowns are above 90 where the respective target molecule is present in 
the database，otherwise the scores now drop to 70.83 for the last two compounds in 
Table 4.2 . 
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Table 4.2 The list of compounds with similarity score above 90，where the search was 
made with the significance levels ofboth prefilter and library searches 
being 0.01 (i.e. p1=p2=O.Ol) 
Unknown Unknown Simil Target Target 
diskname* arity disk name compound 
VCP194 Allopurinol — 100 VBP005-1 Allopurinol 
VBP005-1 Allopurinol 100 VCP194 Allopurinol 
RBP005-3 Aminobenzoic Acid 100 VBP005-T" Aminobenzoic Acid 
VBP005-3 Aminobenzoic Acid 100— RBPQ05-T" Aminobenzoic Acid 
RK025 Arsenic Trioxide 100 “ RN025 “ Arsenic Trioxide — 
RN025 Arsenic Trioxide “ 100 ^ 0 2 5 Arsenic Trioxide 
VCP450~~ Ascorbic Acid 100 _RCP450 Ascorbic Acid 
R C P 4 5 0 ~ Ascorbic Acid 100 "VCP450 Ascorbic Acid 
RBP010-T" Benzoic Acid 一 100 ^BP010-3 Benzoic Acid 
VBP010-T" Benzoic Acid 100 ^ P 0 1 0 - 3 ^ n z o i c Acid 
VCP250— Caffeine — 100 "¥CP250 Caffeine 
RCP250 — Caffeine — 100 ^CP25Q Caffeine 
RN004 Calcium Sulphate Hydrate "lOO RK004 Calcium Sulphate Hydrate 
RK004 Calcium Sulphate Hydrate "100 RN004 Calcium Sulphate Hydrate 
RN022 Cupric Carbonate Base 100 RK022 Cupric Carbonate Base 
RK022 Cupric Carbonate Base 100 RN022 Cupric Carbonate Base 
VCP412 Dapsone 100 VBP031-3 Dapsone 
VBP031-3 Dapsone 100 " ^ P 4 1 2 Dapsone 
RN006 Ferric Hydroxide 100 — RK006 Ferric Hydroxide 
RK006 一 Ferric Hydroxide 100 "RN0Q6 l^erric Hydroxide 
VCP280~ Fluorouracil 100 VBP055-1 Fluorouracil 
VBP055-1 Fluorouracil 100 VCP280 Fluorouracil 
RK010 Mercuric Oxide 100 RNQlQ Mercuric Oxide 
RN010 Mercuric Oxide 100 RK010 — Mercuric Oxide 
RBP086T" Nicotinamide 100 VBP086-3 Nicotinamide 
VBP086-3 Nicotinamide 100 RBP086-3 Nicotinamide 
VCP240 Phenol 100 RCP240 Phenol 
RCP240 Phenol 100 VCP240 Phenol 
VBP113-1 Salicylic Acid 100 RBP113-1 Salicylic Acid 
RBP113-1 Salicylic Acid 100 "VBP113-1 Salicylic Acid 
RN021 Sodium Tetraborate " I ^ ~ RK021 Sodium Tetraborate 
Hydrate Hydrate 
RK021 Sodium Tetraborate 1 ^ RN021 Sodium Tetraborate 
Hydrate Hydrate 
RCP025 Sorbic Acid 100 VCP025 Sorbic Acid 
VCP025~" Sorbic Acid 100 RCP025 Sorbic Acid “ 
RN017 Talc 100 RK017 Talc 
RK017 Talc 100 RN017 Talc “ 
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RNO18 Zinc Carbonate Base 100 RKO18 Zinc Carbonate Base 
RK018 Zinc Carbonate Base 100 RNO 18 Zinc Carbonate Base 
VCP166 Isoniazid 94.12" VBP068-3 Isoniazid “ 
VBP068-3 Isoniazid 94.12" VCP166 Isoniazid “ 
VCP481 "Vinblastina Sulfate 91.67 VCP480 Vincristine Sulfate 
VCP480 Vincristine Sulfate 91.67 VCP481 Vinblastina Sulfate “ ~ 
*V，JK data measured by a digital vemier ； 
*BP, spectra collected in the British Pharmacopoeia ； 
*CP，spectra were collected in the Chinese Pharmacopoeia ； 
*RN, spectra taken in our laboratory in Nujol mull ； and 
*RK, spectra taken in our laboratory in KBr pellet. 
The results using Combination 3 (i.e. p1=p2=O.Ol) are identical to those using 
Combination 2 for the similarity scores above 90 .The similarity score distribution for the 
identity searching results for combination mode 2 (and 3) is shown in Table 4.3 and 
displayed graphically in Figure 4.2 . 
Table 4.3 The similarity distribution of the identity searching results for combination 
model 2 and 3 • 
Similarity Frequency Relative frequency % 
100 36 90.00 
"95.83 T " 5.00 
"94.12 | 2 5.00 
Next let us take a look at the distribution of similarity score obtained by all spectra 
in the database being treated as unknowns and compared with the other spectra . The 
distributions using Combinations 1, 2 and 3 are shown in Tables 4.4，4.5 and 4.6， 
respectively, and displayed graphically in Figures 4.3, 4.4 and 4.5，respectively . 
Ideally ’ a similarity search should retrieve the largest number of target 
compounds with similar structures . However，if the search algorithm is too selective the 
same target molecules may be excluded when their spectra data do not exactly match 
those ofthe unknowns and in cases when the database does not contain the spectra of the 
unknowns，many target molecules with similar structures may also be excluded . 
Therefore，we should balance the selectivity against the accept tolerance • From the 
results in tables 4.4-4.6，combination 1 yields the largest number of target molecules 
whereas combination 3 yields the least • As mentioned above，combination 1 gives too 
high a score to compounds with similar structures and hence this is not suitable . As 
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Figure 4.6 The distribution of similarity scores for the first target 
molecules in the hit lists (combination 2) 
combination 2 offers more choices to user than combination 3，hence combination 2 (i.e. 
pi=0.01 and p2=0.05) was chosen for the proposed system • 
A further advantage of combination 2 over combination 1 is that the similarity 
scores for combination 1 cluster around 59.99 to 10.00，whereas those for combination 2 
(and 3) cluster around 39.99 to 1.00 . The latter distribution of similarity scores is more 
valuable to the library search as it will help to exclude target molecules with dissimilar 
structures • 
Table 4.4 Distribution of similarity score in combination 1 
for 356 unknowns with 6172 target compounds 
Similarity The number of Relative frequency % 
range target compounds 
100-90.00 42 — 0.68 
89.99-80.00 3 0.05 “ 
79.99-70.00 16 一 0.26 
69.99-60.00 119 1.93 
59.99-50.00 624 10.11 “ 
49.99-40.00 1462 23.69 “ 
39.99-30.00 1942 31.46 “ 
29.99-20.00 1292 — 20.93 “ 
19.99-10.00 578 9.36 “ 
9.99-1.00 86 1.39 
0 8 0.13 “ 
Total 6172 100 
Table 4.5 Distribution of similarity score in combination 2 
for 356 unknowns with 5854 target compounds 
Similarity The number of Relative frequency % 
range target compounds 
100-90.00 40 0.68 “ 
89.99-80.00 2 0.03 “ 
79.99-70.00 3 一 0.05 
69.99-60.00 8 一 0.14 
59.99-50.00 33 — 0.56 
49.99-40.00 175 — 2.99 “ 
39.99-30.00 731 — 12.49 “ 
29.99-20.00 1830 31.26 
19.99-10.00 2397 40.95 — 
9.99-1.00 一 622 10.63 
0 13 0.22 — 
Total 5854 100 “ 
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Table 4.6 Distribution of similarity score in combination 3 
for 356 unknowns with 3407 target compounds 
Similarity The number of Relative frequency % 
range target compounds 
100-90.00 “ 40 1.17 
89.99-80.00 2 0.06 
79.99-70.00 3 0.09 
69.99-60.00 7 “ 0.21 
59.99-50.00 - 26 "57^6 
49.99-40.00 145 — 4.26 “ 
39.99-30.00 495 14.53 “ 
29.99-20.00 1158 33.99 “ 
19.99-10.00 1223 35.90 
9.99-1.00 292 8.57 
0 一 16 0.47 
Total 3407 100 
4.4.6.2 The library search results for compounds not contained in the database 
The most important feature ofa search system is that it gets the right answer [12: • 
The similarity score in the proposed system can suggest the identity of an unknown ifthe 
score is 90 or above . When the score is below 90 , we observe that it is still a good 
indicator of similarity in structure . It is noted that at present there is no generally 
accepted concepts for similarity in chemical stmctures[13]，and the chemist's notion of 
structural similarity is strongly coined by traditional views(compound classes，skeletons, 
functional groups) . Li the evaluation of the performance of the search，the judgment on 
similarity in structures is based on the chemist's notion . 
A closer look at the structures of the target molecules revealed the following 
when the similarity scores were calculated using combination 2 of significance level (i.e. 
pi=0.01 andp2=0.05): 
(1) a similarity score above 60 is found , the stmcture of the target molecule is similar 
to that of the unknown ； 
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(2) ifthe similarity score is below 60 and above 50，the structure of the target molecule 
is often similar to that of the unknown . However，it is found that a few apparently 
unrelated molecules were also included ； and 
(3) if the similarity score is below 50 and above 40，the functional groups ofthe target 
molecule may be similar to that of the unknown • However，a significant number 
ofapparently unrelated molecules are also included • 
As illustration，twenty unknowns with the similarity scores in the range of 85-51 
are shown in Table 4.7 together with the respective structures . 
Table 4.7 The chemical structures of twenty unknowns with similarity scores in the 
range of 85-51 
Similarit Chemical structure a Chemical structure b 
J ^ — 
C b . o c QQ Me Me 
8>：80：75 r ^ ^ ™ » ^ o c ™ ™ Hc 
^Me ^ e ^ e 乂 
VBP074-3 
VBP074-2 Mebeverine Hydrochloride 
Mebeverine Q3H,,NO,,HCl 
C,3H33NO3,HCl 
Sa' ;72.73 �HO HO 1 � H O h HO 1 
Sh^'66 12 (Q)-^HCH,NHPr-i . H,SO, (0)-CHCH,NHBu.t . H,SO, 
• L H O ^ J H 0 ^ 
2 � 2 
VBP089-1 VBP122-3 
Orciprenaline Sulphate Terbutaline Sulphate 
(C,,H,,NO3),,H,SO, (C,,H,,NO3),,H2SO4 
Sa:;70.83 ~ ~ [ ^ 卞 , , ^ ^ ^ w H . 
S b ; ^ ^ ^ ^ _ . @ ™ , e „ - ^ ^ : ^ ^ . 咖 
- 0 巧 „ ^ ^ 溫 ° " , - A ^ � � „ o c „ , 
VCP480 VCP481 
Vincristine SuVate VlnUistina Sdfate 
C,„H,.N.O„.H,SO, C..H,,N,O.H,SO, 
Sab;68.42 ^ ^ ^ 
Sb';64.82 [(cH,)3N+cH2CH2OH] ^ 0 H Et^N.0^ 
^ ^ VBP036-2 
VBP022-3 Diethylamidine Salicylat 
CholineSalicyIate 。， 
CANO4 ^ j ;_ j 
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C b .c^ 67 � n^ OH 1 ““COOH C00H ba ,00.0/ Ho^ O-^ -CH,NH, H_^ OH „_ � m 1 T 
S b ' ; 6 3 . 8 9 H ? ^ ^ J » ^ H CH3-^_CH,CH,OH H - c - 0 H 
(^Hj H O - C - H 
VCP293 L J I 
Norepinephrine x/r^ Dooc COO ~ 
C.H,,NO3 ,H,0 V L h ^ & 5 
Choline Bitartrate 
QH,9NO7 
Sa';60.71 ^ ~ ~ ~ ^ V f ' ^ 
Sb^  ;60.71 c l ^ g > - 0 - i J - 0 - E t c . H ^ o - i - c - o - - o - c - i - o ^ a 
CHs VCP495 
VBP026-1 Aluminum Clofibrate 
Clofibrate c,„H„Aicuo„ 
C,H,3ClO3 
Sa^60.00 ^^CO2Me ^CO,Et 
Sb^  ;56.00 ^y^cO2Me ^^co,Et 
VBP039-1 VBP036-1 
Dimethyl phthalate Diethyl phthalat 
C,0H,0O4 C,,H,,0, 
Sa ;59.38 / ^ = ^ j H0HOV-C0,Bu,n 
Sb^58.90 N H , _ < Q ) ^ L o - C , H 5 ^ ^ 
VBP014-3 
V c P 2 3 7 Butyl Hydroxybenzoate 
Benzoca ine C , , H , A 
C,H..NO, 
Sab;58.82 COONa � 0 0 ] 
Sba;58.82 ^ - 0 6 < : ¾ 师 





Sa';58.33 COONa ^ 
S b a ; 5 5 . 0 9 ^ O H [(CH3)3N+CH2CH2OH] ^ O H 
VCP059 VBP022-3 
Sodium Salicylate Choline Salicylate 
C7H5NaO3 C,2H,9NO4 
Sa^;57.14 H,N-<Q)-SO,NH_N.^  H,NH:^)-SO3NH>^^X 
Sb^  ;54.42 1__U-Me N—— 
, ^ „ , , ^ ^ VBP120-3 VBP119-2 0 1 u xu- , 
Proguartl Hydrochloride Sulphath.azole 
C,H,oN,0,S, �rV�3U2�2 
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Sa ; 5 6 . 6 2 � CH^CH^CH^-W^ ^^ -CH^CH^OHl ff 
Sb^56.62 ^ ^ i ^ v ^ ^ CH,CH,CH,-N^ -CH,CH,0(5CH,(CH,XCH,CH3 
[ o y 0 " " , j - Q ^ ^ ^ c . 
VCP378 
Fluphenazine Hydrochloride VCP279 
Q2Hj5F3N3OS2HCl Fluphenazine Decanoate 
Q2H44F3N3O2S 
S ^ S S « 普 - = 〜 " “ ^ ‘ “ ^ H H 
VBP106-1 ^ j , J Q J S w & l ] 
Progranil Hydrochloride j 
C,,H,6ClN5,HCl j 2CH3COOH 
C 1 ^ ^ | ^ NH NH r 
^ ^ N ^ N ^ N ^ 




Sa^;55.56 HO-<^ )^^ O2Et H2N-^ ^ )^-cO2H 
Sb j52.47 
VBP049-1 RBP005-3 
Ethyl Hydroxybenzoate Aminobenoic Acid 
C,H,oO, C7H^NO2 
Sa^;55.00 H,N^^)-SO,NH^N.Q H,N-<Q)-SO,NH, 
Sb^;55.00 L = L M e 
VCP560 
VBP119_3 Sulfanilamide 
Sulphamethoxazole 广 „ . , ^, „ 
C.H.N3O3S C^AS 
Sa^55.00 ^ V ^ 
S a.52 25 HOOC-e^ H,-S-S-CH,-d-COOH Et—�4~C00H ，• H ^ ch3 'NHj 
VCP419 VCP165 
Cystine lsoleudne 
QH^ N,0,S, QH^NO, 
C b .r<r A A 0 CH3 0 H 
^ ' S S - Y V : ^ . . o - ' V ^ , . o 
O ^ N ^ ^ 0 - ^ N ^ ^ 
dH3 dH3 
V C P 2 5 0 T h e o p h y l i n e 
Caffe ine c , H , N , 0 j . H , 0 
⑤ 二 - ^ ^ ¾ “ ^ C - H > , ^ _ C _ O H 
VBP119-1 / \ CHjCHjCH/ 6 





Sa ;53.85 O^N^^Na 0,^N^^Na 
Sb';49.70 QH,T X c . H j ; j 
_ Q n 7 Y ( C H , ) , C H C H , C H r y 
VCP228 VCP164 
Phenobarbitone Sodiu Amobarbital Sodium 
C^H,,NjNaO, C,,H,,N,NaO, 
S - 5 l l l V ^ " ^ ^ H . N ^ S O . N H ^ O M e “ 





Sa^ , the similarity score of the target molecule (structure b) when the compound with 
structure a was used as the unknown ； and 
Sb^ , the similarity score of the target molecule (structure a) when the compound with 
structure b was used as the unknown • 
4.4.6.3 Distribution of similarity scores for the first three target molecules in the hit 
list 
For each unknown，a hit list of the target molecules was drawn in descending order 
of similarity scores . It is of interest to fmd out how many target molecules in the hit list 
should be considered to get right answer . The distributions of similarity scores for the 
first three target molecules in the hit list are obtained according to the Combination 2 ， 
where all compounds collected in the database were used as unknowns • The distribution 
of similarity scores for the top target molecule in each hit list is shown in Table 4.8 and 
displayed graphically in Figure 4.6 • The distributions of similarity scores for the second 
and third target molecules are shown in Tables 4.9 and 4.10，displayed graphically in 
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Figure 4.7 The distribution of similarity scores for the second 
target molecules in the hit lists (combination 2) 
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Figure 4.8 The distribution of similarity scores for the third target molecules in the hit lists (combination 2) 
Table 4.8 Distribution of similarity scores for the first target molecules in the hit list 
Similarity scores The number of target 
molecules in the range 
100-90.00 40 
89.99-80.00 一 2 一 
79.99-70.00 3 







Table 4.9 Distribution ofsimilarity scores for the second target molecules in the hit list 
Similarity scores The number of target 
molecules in the range 
59.99-50.00 5 






Table 4.10 Distribution of similarity scores for the third target molecules in the hit list 
Similarity scores The number of target 
molecules in the range 
49.99-40.00 20 
39.99-30.00 “ 134 
29.99-20.00 “ 129 
19.99-10.00 - 37 
9.99-1 3 
0 33 — 
The cumulative distribution of similarity scores for the first three target molecules in 
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Figure 4.9 The cumulative distribution of similarity scores for the 
first three target molecules in the hit list (combination 2 ) 
Table 4.11 The cumulative distribution of similarity scores for the first three target 
molecules in the hit list 
Similarity Sum total ofthe number Total number of Percentage 
of top 3 target molecules target molecules % 
scores in all hit list in the range 
100-90.00 40 40 l_^ 
89.99-80.00 2 — 2 100 
79.99-70.00 3 — 3 . J ^ 
69.99-60.00 — 8 — 8 m 
59.99-50.00 — 32 — 33 96.91 
49.99-40.00 168 175 96.00 
1 ^ 9 - 3 0 . 0 0 "386 ~31 52.80 
29.99-20.00 283 1830 15.46 
1 ^ - 1 0 . 0 0 70 2397 一 2.92 
"^•99-1 4 622 0.64 
From Table 4.11，it can be seen that the unknowns are correctly identified by 
looking at the first target molecule in the hit list. Further the results in Table 4.11 , the 
target molecules with similarity scores from 90.00 to 40.00 are mostly retrieved by 
corresponding the first three target molecules in the hit lists • Based on these result，we 
need to pay more attention to the first three target molecules in the hit lists for the library 
search . 
4.4.7 Further discussion on the pref!lter algorithms 
^1 the Chapter 3，we have developed some prefilter algorithms for the library 
search . The greatest difference between the proposed method and the Sadtler's method is 
that we make use of the peaks with the three largest NF values together with the 
corresponding wavenumbers as prefilter but the Sadtler's method only uses the strongest 
peak as the prefilter • To test the relative merits of the two methods，the differences 
between the largest and second largest NF values in the IK database of pharmaceuticals 
are calculated , and the drugs whose lK peaks yielding of 0.5 or less are extracted and 
shown in Table 4.12 . 
From the result in Table 4.12，it can be seen that 11.52 % of the drugs in the 
database have the specified difference (i.e. NF1%-NF2%) of less than 0.5 • It can be 
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concluded that based on this test if the Sadtler's method is used as prefilter，the 
probability of losing potential target molecules may be rather high • Li other words， 
our prefilter method should be more reliable than the Sadtler's method . 
Table 4.12 The drugs in the JK database for pharmaceuticals with Dl spectra where the 
differences between the largestOSfFi%) and the second largest ¢^2%) are 0.5 or 
less 
Disk name Drug Difference 
NF1%-NF2% 
VCP389 Verapamil Hydrochloride 0.003 
VBP120-1 Sulphamethoxypyridazine 0.016 
VCP311 Ethambutol Dihydrochloride 0.030 
RCP025 — Sorbic Acid 0.032 
VCP468 Erythromycin Stearate 0.038 
VCP569 Sulfaguanidine 0.042 
VCP398 Procainamide Hydrochloride 0.053 
VCP165 Isoleucine 0.058 
VCP060 Magnesium Salicylate 0.087 
VCP423 Mositol Nicotinate 0.101 
VCP365 Diphenhydramin Hydrochloride 0.109 
VCP458 Menadiol Diacetate 0.111 
VCP503 Niclosamide 0.124 
VCP419 — Cystine 0.126 
VCP425 Metoprolol Tartrate 0.128 
VBP003-3 Acetazolamide 0.147 
VCP293 Norepinephrine Bitartrate 0.147 
VCP518 Tyrosine 0.148 
VCP240 Phenol 0.203 
VBP113-1 Salicylic Acid 0.211 
VCP348 Antazoline Hydrochloride 0.220 
VCP025 — Sorbic Acid 0.257 
VCP175 Threonine 0.274 
VCP390 Chlormethine Hydrochloride 0.279 
VCP149 _ Trapidil 0.287 
VCP255 Prenylamine Lactate 0.298 
VBP035-1 Dichloralphenazone 0.305 
VCP181 Nitrofurantoin 0.325 
VBPOlO-3 Benzoic Acid 0.334 
VCP030 Hydroxyprogesterone Caproate 0.341 
VBP079-1 Methyl Hydroxybenzoate 0.347 
RCP450 Ascorbic Acid 0.363 
RN004 Calcium Sulphate Hydrate 0.399 — 
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VCP279 Fluphenazine Decanoate 0.405 
VBP048-1 — Ethamivan 0.416 — 
^VCP285 — Hydrochlorothiazide 0.437 
"VBP019-2 Chlorhexidine 0.444 
"VCP446 Retinol Acetate 0.452 
VCP211 Allantoin 0.473 
VBP021-2 Chlorotrianisene ^ 8 0 
�VCP144 Solaziquon 0.496 
4.5 Conclusion 
We have built an IK database for pharmaceuticals based on the spectra collected in 
BP and CP . A library search system for the identification has been developed based on 
the database. 
This approach of building the database from the pharmacopoeias was proved 
successful and further the database can be expanded by collecting spectral data from 
other literatures • The coding of IR. spectra of the pharmaceuticals was based on the 
positions and normalization factors of the effective peaks as described in Chapter 2 . 
The coding system software has been tested . Performance tests were made and found 
that the spectral data obtained from the pharmacopoeias and those obtained from our 
own measurements are consistent • 
For the library search system of the IR database , it can be stated that the system 
performance is good in a routine environment . The optimum significance levels for 
the prefilter and the library search have been determined . If the target molecule identical 
to the unknown is found in the database，it can be retrieved with the mean similarity 
score of 99.5 {SD=1.6 (n=40) ； pi=0.01 ； p2= 0.05} . Ifthe similarity scores below 85 
and above 60 have been found , the target molecules may be of the similar class of 
compound , or may contain skeletons or fimctional groups similar to those of the 
unknown • This conclusion is made based on the results of 5854 searches ( pi=0.01 ； p2= 
0.05 ) . When the similarity scores are between 60 and 40，the target molecules often 
contain groups similar to those of the unknowns，however，totally unrelated target 
molecules may also be found ( pi=0.01 ； p2= 0.05 ) . 
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Based on the distribution of similarity scores , when the target molecules identical to 
the unknown can be found in the database，it should normally be top position in the hit 
list. If not，the first three target molecules in the hit list may have structures similar to 
that of the unknown and deserves more attention • 
The new approach introduced here offers an automatic ,simple，reliable and objective 
method to identify pharmaceuticals by JR spectrometry . The library search system can 
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I 5.1 Overview \ 
i 1 
Chinese mineral drugs (CMD)，as part of Chinese traditional medicine , are a 
great treasure and should be explored with great efforts . Now that large number of 
substitutes of CMD exist，and even fake drugs are mingled with genuine ones and 
therefore the identification of CMD has become an urgent problem . 
It is a basic and interesting problem to confirm the origin of each CMD combining 
the knowledge from the ancient literature with the modem science • Through these 
researches，the origin of some types of CMD on question have been settled [1-16]，but 
different opinions still exist for a few of CMD [17-23: • 
Reviews [24-28] and books [29-32] about CMD have been published and 
provided a good framework of reference for further studies • The processes for preparing 
raw CMD have also been researched [33-43] • Researches of pharmacology about CMD 
have been reported [44-52] . Identification of some CMD by experiences and chemical 
reactions have been widely reported [53-67] . Identification of CMD by modem 
analytical techniques，such as X-ray powder diffraction [20,68-73]，JK spectrometry 
[5,6,8-9,14,19,73-74]，thermal analysis [68] and inductively coupled plasma [72] 
polarizing microscope [68] and scanning electron micrographs [75] have also been 
reported. 
Actually，the CMD are minerals ,which are naturally occurring，homogenous， 
and have well-defined crystalline structures and chemical compositions [76-77]. 
Minerals are not easy to be identified . In fact，the unambiguous identification of a 
mineral can demand a great deal ofmineralogical skill . Density，hardness ,crystal habit 
，cleavage，magnetic permeability and the body colour are the most important diagnostic 
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mineralogical data • Because the CMD used in practice are small and broken grains， 
some information of the diagnostic mineralogical data is unfortunately seldom available . 
]n general , there are two properties used for identification of CMD in 
Pharmacopoeia of the people's republic of China (CP) [78] • One is the "description" 
which includes the properties ofbody colour，luster，streak，odor and taste . Another is 
the "identification" which includes characteristic chemical reactions for some specific 
ions or radicals . Note that talc is also collected in USP [79]，BP [80]and the 
Pharmacopoeia of Japan(JP) [81] . Both "description"(in B P， t h e item is 
“characteristics，，• in USP，no such term) and "identification" are used for identifications 
of talc in the three pharmacopoeias • Although these identification methods have been 
used for many years，there exist some problems in quality control: 
(1) in general，there are no explanations for the properties collected in the description， 
rich experiences and skills are needed for identifying CMD based on them ； 
(2) the characteristics collected in the description for some CMD may often change 
with the samples . For example，the colour of talc is recorded as "white or yellowish-
white or pale bluish-grey “[78]； 
(3) the luster and streak are difficult to observe for broken grains，or impossible for fine 
powders ； 
(4) because some CMD are toxic，it may be dangerous to obtain the information about 
the odor and taste ； 
(5) unfortunately very few，if any，completely specific reagents which give characteristic 
reactions with one ion only are known [82] ； and 
(6) some CMD are difficult to form tested solutions，which are often prepared under 
drastic conditions using a very strong base or a very strong acid . 
1 i 
5.2 Recent studies 
The challenges in pharmaceutical analysis is how to accurately identify CMD 
and judge a fake mineral drug . It is obvious that there is a need for unambiguous 
decision in this research field • 
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R spectrometry is one of the most powerful single technique available today for 
mineral analysis [83] • Farmer [84]gave a good comment for using JR as a tool in the 
identification of minerals . The JR spectra can directly provide structural information • 
Olphen et al. [85] reported that the excellent agreement between laboratories allows the 
JR spectra to be accepted with confidence . 
FTER spectrometers have a number of advantages over the conventional 
instrument especially in the energy throughput，speed，and wavenumber accuracy • ¥TJR 
spectrometers have，to a large extent，overcome many of the drawbacks associated with 
routine TR spectrometry of minerals [86]. 
As indicated above，IR spectrometry has been used for identification of some 
CMD [5,6,8-9,14,19,73-74] . Hence，the identification ofCMD by JK computer assisted 
system may be a very fruitful like of research . 
5.3 Experimental 
5.3.1 Instrumentation and Apparatus 
A F m spectrometer model Nicolet 205 with a DTGS (Deuterated Triglycine Sulfate ) 
detector was used for measuring the spectra • 
A Wig-L-Bug amalgamator model 3110B ( Crescent Dental Mfg. Co., Chicago.Illinois) 
was used for grinding the samples and mixing the samples with KBr . 
5.3.2 Reagents 
The grades of reagents used and the manufacturers are as follows : 
Regent Grade Manufacturer 
KBr Spectral Merck 
Paraffin Spectral Merck 
I FeS2 Highpurity ^ a 
I FeO(OH) High purity "Xi?a 
CuSO4.5H2O Highpurity "Xi?a 
Fe2O3 High purity Alfa 
Fe3O4 High purity Alfa 
Other reagents Analytical Different companies 
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5.3.3 Computer program � 
A computer program was developed to deal with the searching problem .The entire 
computer programs were written by ourselves in Quattro Pro software ( version 4.0 ) • 
JK data of CMD and references were obtained by communication • The communication 
software and parameters were the same as 2.2.3.1-B . The coding system software was 
the same as described in Chapter 2 . The library search system software including the 
database of Chinese mineral drugs was about 2,853,337 Bytes . 
5.3.4 The collection of C M D samples 
Different types of CMD were collected for the study . In order to obtain the 
representative samples，for each CMD ，a number of batches were collected in 
different places. 
Some samples and standard samples were kindly supplied by the China 
Pharmaceutical University，West China University of Medical Science ，Shenyang 
Pharmaceutical University，Lmer Mongolia Mstitute for Drug Control，Liaoning 
Province Listitute for Drug Control and Tianjing Medical Material Company . Some 
samples were bought in the market from Beijing, Hong Kong and Huhhot city • 
Li this study，a total of 110 CMD samples were collected for 21 different types 
ofCMD. 
5.3.5 Measurement of spectra using spectrophotometer 
Two handling techniques，namely，KBr pressed-pellet and Nujol mull，were 
I used for the reference compounds of the CMD • Only KBr pressed-pellet was used for 
CMD themselves . The parameters of spectrophotometer were the same as described in 
Section 2.2.2.6 . The background was corrected using pure KBr pellet or blank Nujol 
mull . Each sample or reference was measured three times in different KBr pellets or 
Nujol mulls. 
；； 
5.3.6 Procedure for grinding the mineral sample or the reference 
compound 
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(1) approximately 200 mg of the mineral sample or the reference compound was placed 
in a stainless steel sample holder with one stainless steel ball ； 
(2) the sample or the reference was ground in four 30-second increments with 10-
second interims [87] ； and 
(3) the ground sample or the reference was removed into a screw-capped glass bottle 
and kept in a desiccator • 
5.3.7 Procedure for grinding and mixing KBr with the mineral sample 
or the reference from 5.3.6 
(1) the KBr powder was heated ovemight at 550�C [84]，cooled in a desiccator，stored 
in a screw-capped bottle and kept in a desiccator ； 
(2) then approximately 1 g of the KBr powder was placed in a stainless steel sample 
holder with one stainless steel ball and ground in 1 min.； 
(3) the stainless steel ball was removed，a suitable amount (about 5-10 mg) of the 
sample or the reference was added and a plexiglas ball pestle was placed in the 
holder ； and 
(4) the mixture was ground for two 30 s intervals with an interim pause of 10-s. • The 
plexiglas ball pestle was removed and the container without the ball was shaken in 
the Wig-L-Bug for 30 s. • The treated mixture was kept in a desiccator • 
5.3.8 Procedure for preparing KBr pressed-pellet 
(1) a suitable amount (about 200mg) of mixtures from 5.3.7 was placed in a KBr pellet 
equipment，which was then connected to a vacuum pump and evacuated for 2 min. 
before applying pressure [88]； 
(2) the pressure on the die was increased by a laboratory press to 10 tons for 2 min.； 
(3) the vacuum was released and after another 0.5 min. the pressure was released [84]； 
and 
(4) the pellet so obtained was immediately placed in the sample holder and the spectra 
was taken by the spectrometer . 
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5.3.9 Procedure for preparing Nujol mull o f the reference compounds 
(1) two blank 13-mm discs(each about 350mg) were made from the treated KBr powder 
according to the description in Section 5.3.8 ； 
(2) one drop of paraffin was sandwiched between the two blank discs ； 
(3) the discs were pressed，rotated three times in one direction and placed in the sample 
holder ； 
(4) the discs were measured for obtaining the background absorption ； 
(5) the ground reference (about 10-25mg) was placed in a agate mortar with pestle，4 
drops of paraffm were added into the agate mortar and the mixture was ground until a 
smooth paste was obtained [89] . About one quarter of the paste was sandwiched 
between the two blank discs and repeated 3 ； and 
(6) the discs was measured for obtaining the reference spectrum • 
5.4 Modifications of coding system specified in Section 
1.1.1.2 
t i order to code the CMD JK spectra files，the coding system specified in Section 
2.2.7.2 was modified. 
5.4.1 The Key Codes of the CMD 
The following specific properties were selected as the key codes for the W. 
database of CMD ； 
(1) the Disk name ； 
(2) name ； 
(3) Chinese spelling ； 
(4) molecular formula ； and 
(5) molecular weight. 
5.4.2 Disk Name 
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Li the system，the disk name is made up of three parts . The first part shows the 
origin of TR spectra : "M" for genuine CMD • "F" for fake drug，and "R" reference 
compound for CMD . The second part is the coding number of CMD . We arbitrarily 
give each type of CMD a 2-digit coding number in order that the computer can 
conveniently treat the strings of names . The third part indicates the sources of the CMD 
samples . We arbitrarily give each source of CMD collected a 2-digit coding number in 
order that the computer can conveniently treat the strings of sources . For the reference 
compound of CMD，the third part indicates the types of handling techniques . "K" 
means the handling technique is KBr pressed-pellet and "N" means the handling 
technique is Nujol mull • 
5.4.3 Name and Chinese spelling 
The use of the name for name-search has always been and still is a difficult choice 
.There are three names for each type of CMD in CP(1990) [90] : (1) the name in Chinese 
，(2) the Chinese spelling for the name in Chinese and (3) the Latin name . There are 
four names for each type CMD in CP English version(1992) [78] :(1) the Latin name， 
(2) the name in Chinese，(3) the Chinese spelling and (4) the mineralogical names . We 
have noticed that for talc only one name，talc，is collected in BP [79]，USP [80] and JP 
[81]. 
In the proposed system，we select two names for each type of CMD : (1) the 
mineralogical names of CMD for name-search and (2) the Chinese spelling for the name 
in Chinese for Chinese spelling-search . 
5.4.4 Molecular formula and Molecular weight 
The rules for both molecular formula for molecular formula-search and molecular 
weight for molecular weight-search are the same as described in Section 2.2.7.2-C and 
Section 2.2.2.7-E，respectively . The molecular formula for the major component for 
each CMD was obtained from CP . 
5.4.5 A specific sub-program for coding CMD 
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A specific sub-program for coding spectra of CMD has been written . When asked 
to select the coding types，the user needs only type "M" and the program will tum into 
the specific sub-program for coding CMD . 
5.5 Building database for sub-group spectral representation 
of the same type of C M D with different spectral 
characteristics 
However，some types of CMD do contain certain impurities , which affect the 
spectra and hence for this type of library search，we propose to create database for each 
sub-group of the same type of CMD with different spectral characteristics . Based on our 
experimental results，there are two distinct circumstances where database for sub-groups 
need to be created : 
(1) when inspecting the three strongest peaks，and if these peaks are arranged in 
descending order of the NF % values，the corresponding wavenumbers or NF % 
values，or both are different，e.g., FeO(OH) (see Table 5.5) ； and 
(2) also by inspection，if one specific effective peak is present in one sample but absent 
in the other，sub-groups database need be built based on the presence or absence of 
this specific peak，e.g., KAl(SO4)2.i2H2O (see Table 5.5) • 
When the number of effective peaks and the respective wavenumbers found in 
different batches of the same type of CMD are the same，the samples are treated as 
belonging to the same group of a particular type of CMD . However，for each sample， 
the spectrum was scanned three times and the average wavenumbers and NF % values 
were taken as characteristics values for this type of CMD • CaCO3 is an example of this 
type ofCMD (see Table 5.5). 
5.6 Modified reverse search (MRS) for C M D 
For the specific requirement of library search of CMD，we proposed the concept 
of modified reverse search which compares the sub-group spectral representations 
with the sample . Note that this approach does not execute the operation of comparing 
the sample with the reference compounds collected in JK database • 
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The modified reverse search was used for creating the central question that how 
many features of the sub-group spectral representation are contained in the sample ？ The 
corresponding similarity score is quantitatively used to answer the central question • 
5.6.1 Comparison between the spectral data in the database with those 
of the sample by the modified reverse search 
Li the proposed modified reverse search ，t-test is also used to compare the 
wavenumber and the normalization factor of each effective peak in the spectra of each 
sub-group for each CMD (G) with those of the sample (S) . The calculated-t，tcai，is 
given by 
J U - ^ ^ s (Eq.5.1) 
“�' Sp4^ 
where Xc is the mean of wavenumber of the effective peak in the sub-group , Xs is the 
mean ofthe wavenumber for the effective peak in the sample , and Sp is the standard 
deviation of the wavenumber as described in Eq.3.2 . 
The same equation is applied to the normalization factor of the respective 
effective peaks. 
If the means ofthe wavenumbers of the effective peaks are compared and if tcai. 
is less than the critical value tc，the case is defined as a wavenumber match . If for one 
data pair , the wavenumber match is satisfied，and tcai for the comparison of the 
normalization factors ofthese is simultaneously less than the critical value of tc，this case 
is defmed as a normalization factor match . 
5.6.2 Matching of spectra in the modified reverse search 
la the modified reverse search，similarity score, [M(T)]MRs is still defmed as a 
membership function and given by Eq.5.2 . Note that [M(wave)]MRs and [M(nf)]MRS， 
defined by Eq.5.3 and 5.4 respectively，measure the degrees of matching in the 
wavenumbers and the normalization factors for the intensities，of the effective peaks 
respectively • 
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[M( T )]MRS = [M(wave)]MRS + [M( nf)]MRs \ (Eq.5.2) 
[ M ( W a v e ) ] M R S = A w a v e X B w a v e X 5 0 . 0 0 (Eq.5.3) 
t X f7 
where A _ . = “ “ 默 (Eq.5.3-1) 
Z C / 
/=1 
where n is the number of effective peaks for the sub-group whose wavenimiber 
‘^ wave 1 
matched those ofthe sample . tc is the critical value and ^ 厂 is the sum ofthe 
t； ^cal 
calculated value o f t according to Eq.5.1 • Note that Awave =1 has the value of 1 for 
perfect matching ofwavenumber . B wave, is defmed by Eq.5.3-2 • 
B _ = % ^ (Eq.5.3-2) 
iVG 
where No is the number of effective peaks for the sub-group，and Bwave 二 1 for perfect 
matching in the wavenumbers • 
Noted that [M(wave)]MRS = 50.00 for perfect matching in wavenumbers • Eq.5.4 
defines [M(nf)]MRs • 
[M(nf)]MRS = AnfxBnfx50.00 狗 . 5 . 4 ) 
where Anf= ^ ^ ^ (Eq.5.4-1) 
Z C / 
i=l 
where n„f is the number of effective peaks for the sub-group whose normalization 
factors matched those in the sample spectrum，and ^ 4 / is the sum of the calculated 
/=i 
value of tcai. Note also that Anf has a value of 1 for perfect matching of the normalization 
factors ； 
Further, B n f = ^ (Eq.5A-2) 
-ly G 
where，as defmed above，No is the number of effective peaks for the sub-group，and 
Bnf =1 for perfect matching in normalization factors . 
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It can also be seen that [M(nf)]MRs = 50.00 for perfect matching in normalization 
factors of effective peaks . lf all the wavenumbers and normalization factors of the 
effective peaks in the sub-group matched those in the sample spectral representation , 
then for a perfectly matched spectra， 
[M(T)]MRs = [M(wave)]MRs+[M(nf)]MRs 二 100 
When compared Eq.5.3 or 5.4 for CMD with Eq. 3.4 or 3.5 for the other systems , 
an obvious difference is that the total number of effective peaks in the sample spectrum is 
not considered . Again ’ this is due to the presence of impurities which often found in 
mineral drugs making the total number of peaks useless for the research . 
5.6.3 Interchangeable W3+MEPN prefilter strategy for the modified 
reverse search 
The interchangeable，W3+MEPN prefilter strategy was developed for the 
identification of CMD using modified reverse search , where W3 means the 
Wavenumbers of peaks with the 3 largest NF% values and MEPN means that Effective 
Peak Number in the sample，was proposed and used in the library search system for 
identification of CMD in the modified reverse search . In W3+MEPN , some key codes 
of sample spectrum are selected as the prefiltering criteria • 
(1) the number of the effective peaks ； 
(2) the wavenumber corresponding the largest NF% ； 
(3) the wavenumber corresponding the second largest NF% ； 
(4) the wavenumber corresponding the third largest NF% ； and 
(5) SD of the wavenumbers ； 
When using the strategy , the default value for the t-test level(a) may be used or it 
can be changed by the user . Only the spectra of sub-group satisfying the logical criteria 
of interchangeable W3+MEPN prefiltering criteria are included in the actual search 
.W3+MEPN , is specified as Table 5.1 . 
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Table 5.1 Comparison of spectral data from samples with those from the sbu-group 
Type of Spectral data from sample Spectral~~d^~~from~sub-group 
comparing included for comparison spectrum included for comparison 
J SWl+SEPN GWl+GEPN 
_2 SWl+SEPN GW2+GEPN 
J SWl+SEPN GW3+GEPN 
~ SW2+SEPN GWl+GEPN 
T " SW2+SEPN GW2+GEPN 
T ^ 2 + S E P N 一 GW3+GEPN “ 
~ ^ 3 + S E P N 一 GWl+GEPN ‘ 
T " "W3+SEPN — GW2+GEPN 
~ SW3+SEPN GW3+GEPN 
SW1 means the wavenumber of the effective peak with the largest NF% in the sample 
spectrum ； 
SW2 means the wavenumber of the effective peak with the second largest NF% in sample 
spectrum ； 
SW3 means the wavenumber of the effective peak with third largest NF% in sample 
spectrum ； 
SEPN means number of effective peak in the sample spectrum ； 
GW1 means the wavenumber of the effective peak with the largest NF% in sub-group 
spectrum ； 
GW2 means the wavenumber of the effective peak with the second largest NF% in sub-
group spectrum ； 
GW3 means the wavenumber of the effective peak with the third largest NF% in sub-
group spectrum ； and 
GEPN means the effective peak number of sub-group spectrum . 
The logical judgment for the comparison type 1 is shown in Eq.5.5 
GW1 > SWl - ta,^ X Sm AND#GW1 < SWl + 广 “ 矛 x SD# AND#GEPN < SEPN (Eq.5 • 5) 
Note that Eq.5.5 specifies that the number of effective peaks from sample included 
must be greater than or equal to that of the sub-group included . Similar logical judgments 
are written for the other types of comparison in Table 5.1. 
5.6.4 The confirmation of information of known CMD 
Li this library search system，the following items can be used for confirming the 
information about known CMD : 
(1) mineralogical Name ofCMD ； 
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(2) molecular formula ； 
(3) molecular weight ( 2 significant figures) ； and 
(4) Chinese spelling for the name in Chinese • 
For wildcards search of CMD，(1) and (4) above may also be used • 
5.7 Library searches of the BR database of C M D 
The library search included two types : (1) the forward search which was 
discussed in Section 3.4.1 and used in Chapter 4 for the library search of pharmaceuticals 
，and (2) the modified reverse search which was proposed in Section 5.6 . 
\n order to evaluate the proposed library search system for the identification of 
CMD，we designed the performance test using both the forward and the modified 
reverse search(MRS) • 
"Iiim \ Type Forward search Modified reverse search 
Sample selected All CMD samples and All CMD samples 
reference compounds 
Target compared All CMD samples and spectrum in the sub-groups 
reference compounds 
Significance level ^ 0.01 0.01 
prefilter (pQ 
Significance level for 0.05 0.05 
library search ( p2 ) 
prefilter algorithm W3+3NF+PEPN W3+MEPN 
i • ！ 
5.8 Results and discussion 
5.8.1 The principle ofselecting the type o fCMD in the study 
The principle of selecting the type of CMD for the study are as follows : 
(1) this CMD should be collected in CP(1990) [90]； 
(2) the major component ofthis CMD is recorded in CP ； and 
(3) this CMD produces apparent JK absorption peaks in the region of 2000 to 400 
cm] • 
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Li the study ’ the mineralogical name，Chinese spelling for the name in Chinese 
and the molecular formula of the major component were based on the CP(English version 
1992) [78] . If the properties of the sample collected are not those described in the same 
as CP，it is judged as a fake mineral drug • 
5.8.2 The selection of the handling sample techniques for measuring 
IR spectra 
bi general，two handling sample techniques，KBr pressed-pellet and Nujol mull， 
are used for measuring IK spectra of solid samples • It has been reported that the KBr 
pressed-pellet technique is the most generally useful as a first step in characterizing 
minerals [85] and is the best available technique for use with minerals [91] • Advantages 
of the KBr disc method over Nujol mulls include the following : 
(1) there are no KBr absorption bands above 400 cm-1，whereas a number of 
absorption bands ofNujol appeared in the JR spectrum ofNujol [92], which interfere 
badly with many important group frequencies ； and 
(2) using Nujol method is specifically tedious in this study，because it is difficult to 
remove CMD completely from the pellets • 
We have noticed the reports about interaction of sample with alkali halide [83,93-
94] . For this potential reaction，Tuddenham et al. [91] reported that experience has 
shown that very few minerals tend to react with potassium bromide when these discs are 
prepared . Estep et al. [95] also hold the same viewpoint . 
To check whether any reaction will take place between some selected CMD and 
KBr by taking the spectra of the reference compounds for the selected CMD described in 
Section 5.3.5, using both KBr pressed-pellet and Nujol mull techniques were used . 
Through this test，we only found out that the significant differences were found for only 
CuSO4.5H2O . When mixing CuSO4.5H2O with KBr for preparing the KBr pressed-
pellet ，the blue color of mixture changes into pale red then brown red . Further tests 
indicated that the same phenomenon was observed for NaCl，KC1，and KI • The same 
result was also observed using CuSO4.5H2O with high analytical purity . Hezel et al. 
[84] reported that considerable changes in the spectrum occur when CuSO4.5H2O is 
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incorporated into an alkali halide . We collected three batches of chalcanthite (major 
component: CuSO4.5H2O) as CMD samples and their spectra were scanned . The same 
phenomenon was observed although the changing rates were lower than those using 
chemical CuSO4.5H2O . Later we measured the JK spectra of CuBr2，K2SO4 and the 
mixture . It is quite possible that Cu(H) is changed to Cu(I) in the presence of KBr or 
other alkali halides and KBr is not expected to interact easily with other CMD under 
similar environment. 
i 
Based on the above discussion，KBr pressed-pellet was selected as the handling 
CMD technique in this study. 
5.8.3 The selection of the procedure for the grinding mineral samples 
and mixing it with KBr for measuring IR spectra 
The grinding and mixing of the mineral samples with KBr are important factors 
affecting the quality of the CMD spectra • A badly ground samples with poor mixing 
cannot yield good spectra . It has been pointed out [88,92-93]that the most convenient 
and satisfactory grinding and mixing of the sample and the matrix is achieved by the use 
of mechanical vibrator-grinder，the Wig-L-Bug amalgamator • The technique provides a 
fast and simple method for grinding and mixing samples，which is reproducible from 
batch to batch [96]. Based on these，the Wig-L-Bug amalgamator was used for grinding 
and mixing CMD samples and references in the study . 
With the technique，it was observed that vibrating for more than 1 minute in a 
stainless-steel container with a stainless steel ball pestle will cause dehydration of 
CaSO4.2H2O [97] . The same did not take place in using our proposed procedure 
described in Sections 5.3.6 and 5.3.7 , presumably because of the periodical cooling 
during the grinding process . With the technique，differences in hardness between the 
samples and the KBr will cause nonimiformity ofparticle size between the two materials 
[98] • We therefore separately grind the samples and KBr in different ways，and 
followed the recommendation of using plexiglas ball to mix the mixture afterwards [99]. 
Li this way，the resulting particles of the mixtures are of uniform sizes • 
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5.8.4 Building the database of CMD and the corresponding reference 
compounds 
After obtaining the coding files of CMD and those of the references compounds， 
we began to build the disk file of the Dl database of CMD，using the same procedures as 
described in Section 4.4.4 . 
The following can be deduced based on the information in the database of CMD : 
(1) in general，the IR spectra using the Nujol mull and KBr pellets for the same 
reference compound are similar ； and 
(2) the JR spectra of KBr pellets of CMD and those of the corresponding reference 
compounds are similar. 
It is also of interest to note the following : 
(1) the spectra of some types of CMD are very similar that of the corresponding 
reference compounds，for example，the gypsum and talc • This may be explained 
the fact that according to the theory of the rock-forming，the CMD of talc and 
gypsum show very little variation in chemical composition[100] . For this type of 
CMD，the JK spectra can not only be used for the identification but also for test of 
j . 
purity ； 
(2) for the same type of CMD , the spectra of same samples are very similar to those of 
I the corresponding reference compound，while for other samples，their spectra are 
1 
only similar to those of corresponding reference compound . There is not any 
difference between two types of samples based on the chemical reactions described 
i in CP. Experiences indicate that the samples，whose JR spectra were very similar to 
those of the corresponding reference compounds are actually chemicals used as the 
substitutes for the respective mineral drugs , for these types of samples the JK spectra 
can be used to distinguish the CMD from their chemical substitutes . 
(3) for some types of CMD，it seems that two types of absorption spectra are 
observed，for example，limonite，magnetite ,hematite，alunite ,mirabilite，borax and 
malachite . It has been reported that the mineral samples from different sources 
may result in the spectral variations which reflect the geochemical and physical 
I environment of its formation，and can be used to derive information on the history of 
j3 
I 5 \ 
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the deposit in which the mineral is found [83] . JR spectra may give some 
information on source of this type of CMD ； 
(4) the spectra of the CMD samples , limonite , and that of the corresponding reference 
compound show noticeable differences . The possible explanation may be that 
although considered originally to have a definite formula，limonite has been shown 
to consist mainly of cryptocrystalline goethite or lepidocrocite along with adsorbed 
water . It is often associated with hematite and with manganese ores [100] • Limonite 
is essentially an amorphous equivalent of goethite [101] . The JR spectra may give 
valuable clue for mineralogical classification for this type of CMD ； 
(5) we are surprised to find that the spectra of fourteen samples and the corresponding 
reference compounds show very large differences and further tests indicated that 
among these samples，the spectra of the same type of CMD samples also show very 
large differences . For these samples，we gave them the label "F" to indicate they 
are likely to be fake mineral drugs，and for the 14 fake samples，eight of them are 
surely fake drugs because they did not pass the tests recorded in CP[90] but no 
further information about the fake samples obtained from these tests . It can be seen 
;i 
that n i spectrometry is a more powerful tool than the CP method to differentiate 
genuine drugs from the fake ones，and is also faster and simpler. It is obvious that 
only IR method can be used to gave more information about the samples in question . 
^ 
f 
I Some of the drugs were included as fake drugs as a result of confusion in the 
I 
naming of the hundreds as following examples show • 
(1) different minerals are given the same name of the CMD in Chinese. Huashi{ 
滑石）belongs to this case • It has been reported [17,31] that there are two types of 
huashi . One is called ying-huashi{硬滑石）or Beishi{北石），it is talc 
{Mg3(Si4O10)(OH)2} . The other is called ruan-huashi (軟滑石)oicNanshi(^ 南石） 
,and it is kaolinite {AU(Si40io)(OH)8}- Huashi is talc as described in GP . The 
spectrum ofkaolinite was used for the identification of talc ； 
(2) different ancient books used different names for the same of CMD . Mirabilite and 
niter belong to this category • Li one ancient book-Benjing (本經）,piaiao{朴消' 
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)was niter (KNO3) and xiaoshi{ 消石 ）was mirabilite (NhSCU.lOIfcO). 
However , in another ancient book-Bielu ( 别录 ) , p u x i a o was mirabilite 
(Na2SO4.lOH2O) and xiaoshi was niter( KNO3) [7] . According to CP , mirabilite is 
known as mangxiao{芒确).The spectrum of potassium nitrate was used for the 
identification of mirabilite . 
5.8.5 Evaluation of the performance of library search of CMD by 
forward search 
When a reference can represent all features of the unknown as completely as 
possible ’ the unknown tends to be a subset of the reference . This approach is referred to 
as a "forward search" and is particularly appropriate for similarity search of unknown 
which can be assumed to be reasonably pure [102: • 
A forward search (as indicated in Section 5.7 ) was made and the results of the 
search for samples from different sources are shown in Table 5.2 . For clarity，the 
samples are separated into four groups indicated by (1)-(4) in Table 5.2 
The results of forward search for samples with similar spectra are tabulated in 
Table 5.3，and again for clarity , the samples are represented into four groups indicated 
by (l)-(4)intheTable5.3. 
. - - - - - ' . - • . ' . : 
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Table 5.2 The similarity scores of forward search for the JR database of CMD from 
various sources 
Similarity The CMD Fake samples Claimed Same reference 
number samples and with identity major compound with 
CMD targets known and the components different 
score of of the same corresponding of CMD and handling 
type but references the reference techniques(i.e. 
searched from found in compounds KBr pellet or 
different database are the same Nujol mull) 
range targets sources 
Q) S ) Q} (4) 
100-90.00 309 184 ^ 76 1^ 
89.99-80.00 109 68 14 24 _0 
79.99-70.00 ~ ^ 40 6 Yo 6 — 
69.99-60.00 J ^ 43 14 Yl 4 — 
59.99-50.00 ^ 31 17 T s 0 — 
49.99-40.00 54 22 7 10 T " 
39.99-30.00 69 25 4 4 0 
29.99-20.00 162 11 19 22 T " 
19.99-10.00 265 0 13 7 0 
10.00-6.50 106 0 1 0 0 
Table 5.3 The result of forward search for the JK database of CMD samples with 
similar spectra but major components different 
Similarity The CMD Fake Claimed major Reference 
number samples samples components compounds 
and CMD and of CMD and are different and 
score of targets references the reference with different 
are are compounds are handling 
searched different different different techniques 
range targets (1) (¾ Q} (4) 
100-90.00 309 0 ~0 T " 0 
89.99-80.00 1 ^ 0 0 3 0 
79.99-70.00 l T 0 3 4 4 
69.99-60.00 ^ 0 2 1 1 
1^9-50.00 ~W 1 1 5 5 
1^9-40.00 54 9 1 3 2 
1^9-30 .00 ~W 18 2 14 2 
" ^ 9 - 2 0 . 0 0 162 38 31 39 2 
19.99-10.00 — 265 75 '77 87 6 
1^0-6.50 106 54 41 9 1 
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Based on the results in the Tables 5.2 and 5.3，the following may be deduced : 
(1) if a similarity score above 60 is found，"the CMD at hand is identical with the 
respective CMD ” may be true with a very high probability ； 
(2) if a similarity score above 80 is found，even for the fake samples whose identity 
became known are identical to the respective CMD or the reference compounds or the 
same fake sample but from different source may be true with a very high probability ； 
(3) if a similarity score between 100-90 is found，“the CMD at hand is identical with 
the respective reference compound ” may be true in 1 out of 10(see also the reason 
in(6))； 
(4) if a similarity score above 80 is found，the statement "the reference compound at 
hand is identical with the respective reference in different preparations" will be true 
with a very high probability . The JR spectra of an inorganic compound prepared as a 
Nujol mull may or may not be identical to that of the same compound prepared as 
KBr pressed-pellet . Our the results are coincident with those reported by Bentley et 
al.[94]； 
(5) it is clear that although comparing the spectra of mineral samples with the spectra of 
reference compounds can obtain useful information about the minerals，directly 
comparing the spectra of the same type of mineral samples can obtain better results . 
Zussman [83] held that an unequivocal proof of identification of a mineral sample 
depends on comparison of its IK spectrum with that of a standard mineral ； and 
(6) the similarity scores above 90 in Table 5.3 for the group (3) type of samples were 
actually the results, for the samples which differed slightly from its targets，as shown 
below: 
Sample Molecular formula Target Molecularformula 
code* for sample** code* for target** 
M1513 Na2SQ4(M) _R14N Na2SO4.lOH2Q(R) 
M1514 Na2SO4(M) 'R14K Na2SO4.lOH2O(R) 
M1514 Na2SO4(M) _R14N Na2SQ4.lOH2Q(R) 
R14K ^^04.10H20(R) _j^^TJT^Na2S04(M) — 
R14N Na2SO4.lOH2O(R) "M1513 >^S04(M) 
|R14N |Na2SO4.lOH2O(R) ||M1514 |Na2SQ4(M) 一 
* M for CMD and R for reference compound ； 
** for the major component of CMD(M) or the component for the reference(R) • 
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The loss on drying for the two CMD samples ofM1514 and M1513 were determined 
and found that the two samples contain some water based on CP method [78] • This 
explains why the similarity scores for the six pairs of sample-target were 
unexpectantly high. 
(7) the search results for the similarity scores above 80 for the fake samples and its first 
target in the hit list are shown in Table 5.4 . 
Table 5.4 The search results of the similarity score for the fake samples with their first 
target in the hit list 
Fake sample The major component Similarit Target Major component 
disk claimed y disk for the target 
score 
FM0303 Cap2 100 _ M 0 2 0 1 CaCO3 
FM1202 KAl(SO4).i2H2O 100 M21Q9 Na2B4O7.lOH2O 
FM0108 As2S2 90.91 M0613 FeO(OH) 
FM1701 Mg3(Si4O10)(OH)2 90.91 - R27K Al4(Si4O10)(OH^ 
FM0716 Fe3O4 h . 3 3 M0820 Fe2O3 
|FM1106A |HgS |80.00 |M0201 |caCO3 
From the results，corresponding major components of the six fake samples are shown 
on the last column of the Table 5.4 . 
5.8.6 Evaluation of the performance of library search of CMD by the 
proposed modified reverse search 
When each reference tries to be completely represented in the unknown，it trends 
to be a subset of the unknown • This strategy is referred to as "reverse search" . It has its 
main application with samples suspected or known to be mixtures [102] . As there are ’ 
two approaches to a library search，namely，the forward and reverse searches，the 
former being referred to in Section 5.8.5 • Hence if the sample cannot be expected to be 
pure，a reverse search may be advisable [102-103] • 
It is clear that matrix effects have to be expected in identification of CMD . The 
marked question of identifying CMD is that both the reference spectrum of genuine 
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CMD collected in database and the sample spectrum at hand cannot be expected to yield 
spectra identical to that from pure compounds . ln order to solve the problem，a new 
approach ，the modified reverse search，is proposed，where the concept of sub-group 
spectral representations are introduced for comparing the sample spectra • 
Two papers have given us good insight for the proposed modified reverse search 
.One paper[104] is on distinguishing timber，which indicated that with increasing the 
qualitative features of the timber(e.g., ripple，color, parenchyma，hardness, etc.) the 
range of species of timber will be decreased . The concept of the sub-group spectral 
representation for CMD was an analogy of the qualitative features of timber . The other 
useful paper [105] reported that in the comparative investigations of the differences in 
JK spectra of a great number of soil humic acids from various soil types，the humic acids 
were classified into five types based on their JR patterns • 
5.8.6.1 The sub-group spectral representation for selected CMD 
Based on the information obtained from the forward search，the principle of 
building the sub-group spectral representation for selected CMD have been proposed in 
Section 5.5. The brief form of the proposed sub-group spectral representation for 
sleeted CMD is shown in Table 5.5 . 
106 
I 
Table 5.5 The brief form of the sub-group spectral representations for selected CMD 
CMD Major component 1st. 2nd. 3rd. 1st. 2nd. 3rd. 
disk * for CMD wave wave wave NF % NF % NF % 
C ^ 0 2 CaCO3 l426.90 875^94 712.18 "65.019 2 4 ^ ^ 1 0 . 4 0 3 
C ^ ^ 4 CaSO4.2H2O 1143.04 m 6 . 1 2 602.16 28.749 2 8 ^ 6 ^ 1 1 . 3 7 5 
CMD05 CuSO4.5H2O 1100.04 616.59~_443.30 —29.503 2 ^ 7 ^ 1 9 . 2 2 4 
CMD06A FeO(OH) 432.24 89^39~798 .80 39.071 2 L 5 ^ 1 9 . 8 7 0 
CMD06B FeO(OH) 1032.14 4^ .92 534.60~33.152 29.218 22.348— 
CMDO^Fe3O4 995.12 m . 2 6 -1.00 56.190 43.810 -5.000— 
CMD07B Fe3O4 1011.39 46002~-1 .00 54.577 4 M ^ - 5 . 0 0 0 
CM5O^Fe2O3 451.52 5 3 ^ ~ 6 4 5 . 6 6 —46.240 3 9 2 ^ 1 4 . 4 8 4 
c i ^ 0 8 B Fe2O3 456.65 534.06 1080.82 "40.743 3 7 ^ 0 ^ 2 2 . 1 8 0 
g ^ l Q HgO 1279.34 1^3.62 1363.99 23.370 18.609 17.038~ 
C M D 1 ^ KAl(SO4).i2H2O 1098.60 ^ 8 9 694.82 "49.524 K o ^ l 4 . 4 8 5 
CMD12B KAl(SO4).i2H2O 1098.78 ^8 .50 696.48~42.52 17.22 16.20 — 
CMD13 FeS2 416.82 1^87.98 -1.00 _ 5 5 . 7 6 6 44.234 -5.000— 
CMD14A Na2SO4.lOH2O 1114.50 6 l ^ ~ 1 6 3 7 . 3 3 41.313 30.44^18.729 
0 ^ 1 4 B Na2SO4.lOH2O 1112.24 619.02~1191.27 "42.570 3 0 4 1 ^ 2 7 . 0 1 1 
C^mT5~Na2S04 1128.02 616.6l~636.12 47.845 31.043 21.112 
C M P r T " Mg3(Si4O10)(OH)2 1017.65 465?n~451 .07 26.298 20A5T~20.034 
CNmr~2ZnCO3.2ZnO.3H2O 1505.73 n ^ . 8 9 836.10 "22.523 16.801 12.933 
C W ^ ^ K N O 3 1384.25 H67.67 827.62 68.624 16.941 14.435— 
CMD21A Na2B4O7.lOH2O 1420.32 057.31 1074.69 8.969 7.743 7.373 — 
0 ^ 2 1 B Na2B4O4.lOH2O —1001.21 825.85 1425.66 10.150 8.574 ^ 6 3 
CMD22A CuCO3.Cu(OH)2 1439.02 880.80 728.30~43.796 26.371 17.084— 
C^TO2^" CuCO3.Cu(QH)2 '1392.70 1511.94 1051.11 22.005 18.547 11.883— 
CNm23~Na2C03 1125.37 612.12 1463.03 24.803 22.063 ^ .653 
avro24~NH4Cl “ 1404.62 1752.68 -5.00 77.572 22.428 -1.000— 
CMD26 BaSO4 1085.93 1121.50 1184.90 30.741 25.680 22.383_ 
| c ^ 2 7 |Al4(Si4O10)(OH)8 |l032.07 |l008.61 |s38.57 |l8.865 |l8.277 |l4.778 
* A and B was used when the spectrum of CMD needs to be separated into two sub-
groups otherwise there is only one type of spectral representation • 
5.8.6.2 Evaluation of the performance of library search of CMD by the modified 
reverse search 
The results of the proposed modified reverse search are tabulated in Table 5.6， 
where the CMD sample spectral representations are directly compared with the sub-
group spectral representations shown in the Table 5.5，and the similarity scores were 
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calculated based on the method described in Section 5.6 . For clarity，this table only 
includes the search of the genuine CMD samples collected . 
Table 5.6 Results of the modified reverse search for the genuine CMD samples collected 
Sample Major component Similarit CMD Major component 
y of CMD used as 
disk of CMD sample disk reference 
score 
M0201 CaCO3 100 CMD02 CaCO3 
M0203 CaCO3 100 CMD02 — CaCO3 
M0209 CaCO3 100 CMD02 CaCO3 
M0217~~ CaCO3 100 一 CMD02 一 CaCO3 
M 0 2 2 5 ~ CaC03 — 100 CMD02 CaCO3 
M0403— CaSO4.2H2O 100 CMD04 CaSO4.2H2O 
M0409 CaSO4.2H2O 100 CMD04 "CaSO4.2H2O 
M 0 4 1 3 ~ CaSO4.2H2O 100 — CMD04 "CaSO4.2H2O 
M 0 4 1 4 ~ CaSO4.2H2O _ 100 CMD04 CaSO4.2H2O 
M0415 CaSO4.2H2O 100 - CMDQ4 CaSO4.2H2O 
M0416 CaSO4.2H2O 100 CMD04 — CaSO4.2H2O 
M 0 4 1 7 ~ CaSO4.2H2O 100 CMD04 "CaSO4.2H2O 
M0418 CaSO4.2H2O 100 CMD04 — CaSO4.2H2O 
M 0 4 2 2 ~ CaSO4.2H2O 100 CMD04 "CaSO4.2H2O 
M 0 4 2 5 _ CaSO4.2H2O 100 CMD04 — CaSO4.2H2O 
M0503— CuSO4.5H2O 100 — CMD05 ~ CuSO4.5H2O 
M 0 5 0 3 ^ CuSO4.5H2O 100 CMD05 — CuSO4.5H2O 
M0508— CuSO4.5H2O 100 — CMDQ5 CuSO4.5H2O 
M 0 6 0 9 ~ FeQ(OH) 100 CMD06A FeO(OH) 
M0613 FeO(OH) 100 C M D Q ^ FeO(OH) 
M0617 FeO(OH) 100 CMD06B FeQ(QH) 
M 0 6 2 0 ~ FeO(QH) 100 CMD06B_ FeO(OH) 
M 0 6 2 5 ~ FeO(OH) 100 CMD06A FeO(OH) 
M06HN FeO(OH) 100 ^MD06B FeO(OH) 
M06SX TeO(OH) T00 " c ^ Q 6 A FeO(QH) 
M0701 Fe3O4 100 C M D O ^ Fe3O4 
M0703 Fe3O4 100 CMD07A" Fe3O4 
M0709 Fe3O4 100 CMD07A" Fe3O4 
M0713 Fe3O4 100 CMD07B" Fe3O4 
M0714 Fe3O4 100 CMD07B" Fe3O4 
M0717 Fe3O4 100 CMD07B" Fe3O4 
M0725 Fe3O4 100 CMD07B" Fe3O4 
M0809 Fe2O3 100 CMDOST" Fe2Q3 “ 
M0813 Fe2O3 100 — CMD08B Fe2Q3 
M0814 Fe2O3 100 CMD08A Fe2O3 
108 
M0815 Fe2O3 100 CMDQ8A Fe2O3 
M0816 Fe2O3 100 — CMD08A_ Fe2O3 
M 0 8 1 7 ~ Fe2O3 100 一 CMD08A" Fe2O3 
M 0 8 1 8 ~ Fe2O3 100 ~ CMD08A_ Fe2O3 
M0820 l^e2O3 100 ~CMDOSB Fe2O3 
M 0 8 2 1 ~ Fe2O3 100 CMD08B" Fe2O3 一 
M0822 Fe2O3 100 ^ M D 0 8 B Fe2O3 
M 0 8 2 3 ~ Fe2O3 100 C M D 0 8 ^ Fe2O3 — 
M0825 Fe2O3 100 CMD08A Fe2O3 
M1001 HgO 100 C M D l O ~ HgQ — 
M1009 HgO 100 ^ M D 1 0 HgO 
M1201 ~ KAl(SO4).i2H2O — 100 _ CMD12A KAl(SO4).i2H2O 
M1203 KAl(SO4).i2H2O 100 CMD12A KAl(SO4).i2H2O 
M 1 2 0 9 ~ KAl(SO4).i2H2O — 100 CMD12B KAl(SO4).i2H2O 
M1213 KAl(SO4).i2H2O 100 - CMD12A "KAl(SO4).i2H2O 
M1216 KAl(SO4).i2H2O 100 CMD12A IXI(SO4).i2H2O 
M1220 KAl(SO4).i2H2O 100 CMD12B KAl(SO4).i2H2O 
M 1 2 2 5 ~ KAl(SO4).i2H2O — 100 CMD12B "KAl(SO4).i2H2O 
M1301 FeS2 100 CMD13 — FeS2 
M1313 FeS2 — 100 CMD13 "peSi 
M1325 FeS2 100 — CMD13 “ FeSi 
M1401 ~ Na2SO4.lOH2O 100 CMD14A" Na2SO4.lOH2O 
M1403 Na2SO4.lOH2O 100 CMD14A_ Na2SO4.lOH2O 
M1403A Na2SO4.lOH2O 100 CMD14A Na2SO4.lOH2O 
M1404~" Na2SO4.lOH2O 100 CMD14A Na2SQ4.lOH2O 
M1407 Na2SQ4.lOH2O 100 CMD14A Na2SO4.lOH2O 
M1408 Na2SQ4.lOH2O 100 CMD14A Na2SO4.lOH2Q 
M1409 Na2SO4.lOH2O 100 CMD14B Na2SQ4.lOH2O 
M1425~~ Na2SO4.lOH2O 100 — CMD14B" Na2SO4.lOH2O 
M1503 Na2SO4 100 — CMD15 Na2SO4 
M1513 Na2SO4 100 - CMD15 Na2SO4 
M1514 Na2SQ4 100 — CMD15 Na2SQ4 
M1517 Na2SO4 100 CMD15~ Na2SO4 — 
M 1 7 0 2 ~ Mg3(Si4O10)(OH)2 _ 100 CMD17 "Mg3(Si4O10)(OH)2 
M1703 Mg3(Si4O10)(OH)2 100 CMD17 Mg3(Si4Q10)(OH)2 
M1709 Mg3(Si4O10)(OH)2 100 CMD17 Mg3(Si4O10)(OH)2 
M 1 7 2 2 ~ Mg3(Si4O10)(OH)2 100 CMD17 "Mg3(Si4O10)(OH)2 
M1801 2ZnCO3.2ZnO.3H2O 100 CMD18 2ZnCO3.2ZnO.3H2O 
M1802 2ZnCO3.2ZnO.3H2O 100 CMD18 — 2ZnCQ3.2ZnQ.3H2O 
M1803 2ZnCO3.2ZnO.3H2Q 100 CMD18~ 2ZnCO3.2ZnO.3H2O 一 
M2109 Na2B4O7.lOH2O 100 CMD21A" Na2B4Q7.lOH2O 
M2110 Na2B4O7.lOH2O 100 CMD21A" Na2B4O7.lOH2O 
M2111 Na2B4O7.lOH2O 100 CMD21B Na2B4O7.lOH2O 
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M2112 Na2B4Q7.lOH2O 100 CMD21B Na2B4O7.lOH2O 
M2113 — Na2B4O7.lOH2O 100 “ CMD21A _Na2B4O7.lOH2O 
M2117 — Na2B4O7.lOH2O — 100 “ CMD21A "Na2B4O7.lOH2O 
M2119 — Na2B4O7.lOH2O 100 “ CMD21A -Na2B4CMOH2O 
M2120 Na2B4O7.lOH2O 100 — CMD21B Na2B4O7.lOH2O 
M 2 1 2 5 ~ Na2B4O7.lOH2O 100 CMD21A" Na2B4O7.lOH2O 
M2210X" CuCO3.Cu(OH)2 100 — CMD22A" CuCO3.Cu(OH)2 
M2211 ~ CuC03.Cu(0H)2 100 — CMD22A CuCO3.Cu(OH)2 
M2211B CuCO3.Cu(OH)2 100 ^MD22A "^O3 .Cu(QH)2 
M2213 CuCO3.Cu(OH)2 100 CMD22B CuCO3.Cu(OH)2 
M 2 2 1 7 ~ CuCO3.Cu(OH)2 100 CMD22A" CuCO3.Cu(OH)2 
M 2 2 2 0 ~ CuCO3.Cu(OH)2 — 100 “ CMD22A _CuCO3.Cu(OH)2 
M 2 3 1 1 ~ Na2CO3 100 "CMD23 3^2CO3 
M 2 3 1 3 ~ Na2CO3 一 100 “ CMD23 Na2CO3 
M2316 Na2CO3 100 CMD23 “ Na2CO3 
M 2 4 1 0 ~ NH4Cl 100 CMD24 "NH4Cl 
M2411 ~ NH4Cl 100 CMD24 NH4Cl — 
M2414 NH4Cl 100 CMD24 NH4Cl — 
The results of the modified reverse search for the identification of fourteen fake 
samples are tabulated in Table 5.7 and the similarity scores are also calculated as 
described in Section 5.6 . 
Table 5.7 Results of the modified reverse search for the fourteen fake samples 
Fake The major Similarity CMD The major component 
sample component of first target CMD in 
Disk claimed score disk the hit list 
FM0108 As2S2 — 100 CMD06B FeO(OH) — 
FM0303 CaF2 — 100 CMD02 CaCO3 
FM0716 Fe3O4 — 100 CMD08B “ Fe2O3 
FM1105A HgS 100 CMD26 BaSO4 
FM1106A HgS 100 "CMD02 CaCO3 
FM1108 HgS 100 "CMD26 BaSO4 
F M 1 2 0 ^ KAl(SO4).i2H2O 100 ^MD21A l^2B4O7.lOH2O 
FM1303 FeS2 100 "CMD06A FeO(OH) 
FM1309 FeS2 — 100 “ CMD06A FeO(QH) 
FM1322 FeS2 Too CMD06A FeO(OH) 
FM1323 FeS2 — 100 — CMD06A FeO(OH) 
FM1406 Na2SO4.lOH2O 100 C M D 1 9 ~ KNO3 
FM1701 Mg3(Si4O10)(OH)2 “ 100 "CMD27 Al4(Si4O10)(OH)8 
FM1820 2ZnCQ3.2ZnQ.3H2O 100 CMD06B FeO(OH) 
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Based on the results in Tables 5.6 and 5.7 , the following may be deduced : 
(1) results in Table 5.6 for the genuine CMD samples show that all the tested samples are 
accurately identified , indicating the effectiveness of the modified reverse search for 
identification of CMD ； 
(2) result in Table 5.7 show that the nature of the fourteen fake samples can be correctly 
identified , and the results were further conformed based on the reactions described in 
CP[78] . The spectrum of each fake sample together with the corresponding genuine 
species of CMD found are shown in Figures 5.1-5.14 , respectively . 
~ F i g u r e ~ ~ ^ ~~Claimed~~ ^ ^ 
Spectrum mineral name Spectrum of Spectrum of 
ofthe for claimed CMD 
No. fake drug the fake dmg CMD identified 
Figure5.1 FM0108 Realgar Realgar Limonite 
Figure 5.2 FM0303 Fluorite Fluorite Stalactite 
Figure 5.3 FM0716 Magnetite Magnetite Hematite 
Figure 5.4 FM1105A Cinnabar Cinnabar Barium Sulfate 
Figure 5.5 FM1106A Cinnabar Cinnabar Stalactite 
Figure 5.6 FM1108 Cinnabar Cinnabar Barium Sulfate 
Figure 5.7 一 FM1202 Alunite Alunite Borax 
Figure 5.8 FM1303 Pyrite Pyrite Limonite 
Figure 5.9 FM1309 Pyrite Pyrite Limonite 
Figure5.10 “ FM1322 Pyrite Pyrite Limonite 
Figure 5.11 “ FM1323 Pyrite Pyrite Limonite 
I Figurc5.12 FM1406 Mirabilite Mirabilite Potassium Nitrate 
I Figure5.13 “ FM1701 Talc Talc Kaolinite 
Figure5.14 FM1820 ~Smithsonite Smithsonite Limonite 
i i^—^««-««««—~«j—««—^"^—"^^""—*~~""~""—"""^"^""^^~~"~^^"^"""~"^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
i _ 
(3) most CMD samples in the study were supplied as reference CMD . We were 
i surprised to find that 12.7 % of these mineral drugs were fake samples , which 
I were used as samples for teaching in a university and some were supplied by very 
！ famous drug stores . It was reported [106] that there were 14 fake and inferior CMD 
I among 25 samples collected in one investigation . Hence , the accurate identification 
I ofCMD is a very urgent problem and demands more attention . 
j (4) from the results of Table 5.7 , it can be found that four samples claimed to be 
pyrite(major component: FeS2) were all limonite，i.e., FeO(OH) . It was reported 
！ 
[101] that limonite often forms pseudomorphs after pyrite . Another report was that 
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alteration of pyrite [100] usually proceeds by oxidation to sulfates and eventually to 
iron hydroxides and their hydrates • These may be the possible explanation for the 
observed phenomena • 
(5) the major advantage of the reverse search procedure，being not too sensitive to an 
excess of features in the samples，is thus appropriate for impure samples [107] . We 
combining the advantage of reverse search with the proposed sub-group spectral 
representations to yield the modified reverse search，which has now shown to be 
able to give an unambiguous decision whether or not the searched samples under 
investigation belongs to the expected CMD . 
From the discussions in Section 5.8.5 and 5.8.6 , it seems that the two approach to 
similarity search of unknowns，namely，the forward and the modified reverse searches， 
can complement each other . We recommend that to use the modified reverse search 
first to confirm whether or not the type of sample under investigation has been collected 
in the system . If it has，the system can retrieve the corresponding sub-group spectral 
representations and display the searching results • Then the forward search may be used 
to retrieve similar spectra from CMD collected in the database of CMD . 
5.9 Conclusion 
A new approach to identification of CMD using the computer assisted JR 
spectrometry has been proposed • The concept of the sub-group spectral representation 
for CMD is proposed and used for the modified reverse search , for which a new 
algorithm on similarity score is also proposed . 
The result of performing library search by the forward search is satisfactory for 
the identification of CMD .The feature of the forward search is that only when the 
CMD sample and the reference CMD collected in the database not only are the same 
type but also show the similar mode of absorptions，the corresponding reference CMD 
will be retrieved with a high similarity score . 
The performance tests of modified reverse search using the sub-group spectral 
representations of CMD also yield good results. The verification test for the genuine 
CMD shows that modified reverse search can accurately identify the CMD sample 
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collected . The modified reverse search is particularly useful for the identification ofthe 
fake samples . The feature of the modified reverse search is that it can give an 
unambiguous decision whether or not the searched unknowns under the investigation 




IDENTIFICATION OF CHINESE HERBAL DRUGS 
BY THE m DATABASE 
OF CHINESE HERBAL DRUGS 
6.1 Overview 
Chinese herbal drugs(CHD) have been successfully used for centuries in the treatment 
of diseases, in the relief of various symptoms or ailments and in the treatment of the 
disorder of functional systems . Now that many common and valuable CHD are in short 
supply，large amounts of substitutes or adulterations occur , and even fake herbal drugs 
are mingled with genuine ones impairing the effectiveness of the drugs . On the other 
hand ’ some CHD used are highly toxic and have narrow safety margins . Some reviews 
and papers of the adverse effects and even life-threatening toxic compUcations were 
reported[l-7]. Hence，it is necessary to devise methods for the rapid and correct 
identification of CHD's . 
CHD can be identified by directly perceived through the senses . Its main advantages 
are that it can be easily learned and understood，and the method is simple , fast and 
convenient. Now it is still, used in the markets of CHD . Its disadvantages are that it 
needs skill and experiences for identification ’ and that there is not any regular patterns 
to foUow [8]. The method of taxonomy can also be used for identification of CHD . For 
the identification based on the method ofbotany, a person must have an intuitive sharp eye 
，and a technically trained hand and mind [9]. The above two methods are Kmited to 
availabiUty ofthe entire plants . 
The microscopical identification of powder can be used for the broken CHD[9-14] 
.The micro-analysis makes the man's field of vision change from the macrocosm to the 
microcosms . It was found that the micro-analysis had some limitations[8] as it may be 
difficult or impossible to distinguish plants which are near relatives because their ceU 
structures may be very similar . Another problem is that the method cannot used when 
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only the extracts from the herbal drugs are available . Micro-analysis also needs training 
and rich experiences. 
6.2 Recent studies 
6.2.1 Physical and chemical methods for the identification of CHD 
For identification of CHD , the chromatographic techniques involve the 
comparison of the retention properties of the unknown with those of the reference 
specimens . Thin layer chromatography(TLC) is widely be used for this purpose[15-21]， 
however，its biggest disadvantage is that the reproducibility of Rfvalues is not good[16]. 
Another problems is that because a lot of developing agents are used for different 
specimens tested，it is difficult to standardize the method and compare the results 
obtained in different laboratories . Other types of chromatographic methods , pyrolysis 
high resolution gas chromatography[22]，high performance liquid chromatography[23 ] 
and gel electrophoresis[24] were also used for the identification of CHD . Scanning 
electron micrographs(SEM)[25] and differential thermal analysis[26] were proposed for 
identification of some herbal drugs . Classification and identification of CHD based on the 
trace element were studied[27-34]. 
Identification of CHD based on the ultra-violet spectra have been proposed[35-45] 
，It has been pointed out [46]that the UV spectrum of a species of CHD is relatively 
stable and reproducible . The wavelengths of both the maximum and the minimum 
absorptions can be used for the classification of herbal dmgs . Five species of CHD were 
identified by ultra spectrometry in CP [47] . However，most herbal drugs only show a 
few absorption peaks in the ultra-violet spectra，the information used for identification is 
poor and it was reported[39] that only 32% of the tested herbal dmgs have two or more 
peaks , Another problem was that although the UV spectra are same，the chemical 
structures may be same or be different [48] . Derivative ultra-violet spectra were also 
used for the purpose of identifying CHD [44] . It was shown that the herbal drugs of 
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different families and genera have specific spectral features in the derivative spectra . The 
peak values of the derivative spectra are the reliable information ofidentification • 
Fluorescence analysis[49-50] was also used for identification of some CHD . 
Although the method is very sensitive，not many specimens tested produce fluorescence . 
The specific character of JK spectra for identifying herbal drugs is superior to 
that of the UV method [48], W. spectrometry has been used for the identification of some 
CHD[51-57] . The experiment demonstrated[54] that if using the fixed extracted method 
，the R spectra of the extracts are reproducible . Some research showed[53] that the IK 
spectra are similar among the specimens of the same species collected from different 
places. 
The principle of identification of CHD by ultra and JK may be related to the 
metabolites of plants [39]. The initial products of photosynthesis[58] are carbohydrates , 
further metabolic alterations of which lead to the formation of low molecular-weight 
carboxylic acids and amino acids , which form the synthetic starting materials that lead to 
the complex compounds that characterize the second metabolism of plants . The 
secondary metabolites, some of which are found only in a single plant species , and many 
of which are characteristic of restricted group (i.e.，a genus or family) of plants . Based on 
this , although there exist some complication and variation of the constituents of herbal 
drugs in the quaUty and the quantity , the components both primary and second 
metabolisms have the species of characters in the total level[59]. 
Comparing with the conventional or the other chromatographic and spectroscopy 
methods for the identification of CHD , the JK method demands less training and 
experience ofthe analysts, yields more information and the procedure involved is simpler. 
6.2.2 Identification oforganisms by IR spectroscopy 
It has been reported that JK spectrometry was used to identify some organisms 
and the earliest research in this field was by Randall et al. [60] in 1951 . IR spectrometry 
was used for identifying several strains of Mycobacterium tuberculosis，and the JR 
spectra were found to be characteristic for the micro-organism and those of several strains 





ER spectra of the whole bacteria could be used for the identification of the species and 
perhaps the strain of the organism and the results clearly indicated that considerable 
differentiation ofboth was possible . In 1954，Thomas et aL [62] studied the identification 
of micro-organisms by JK spectrometry and also obtained good results . In 1991, Helm et 
aL [63] measured the JK spectra by FTm. for the classification and identification of 
bacteria and it was explained that the bacterial F T R spectra display the entire chemical 
composition of the cell and since all chemical compounds of the bacterial cell are an 
expression of a smaller or greater part of the genome , the spectra show in some way a 
phonetic and a genetic fingerprint of the strain under study . 
It was reported that JK method was used to study humic acid preparations [64], it 
was concluded that although the JR spectra of humic acid preparations represent in most 
cases mixtures of more or less complex molecules , the JR spectra of humic acids are 
characteristic for the chemical nature of the molecule , and JR spectroscopic 
investigations wiU become more effective for the elucidation of the structure of humic 
acids • 
F T R has been used to study the adsorption of proteins from flowing intact sheep 
blood [65]，and was concluded that F T R can provide molecular level information on the 
blood adsorption process in real time using live animals . 
As has been reported above that JK method can be used to identify some 
plants[51-57] . All these reports show that identifying CHD by JK spectrometry is a 
method ofhigh potential. 
6.2.3 Computer-assisted identification ofCHD 
The identification ofan unknown CHD using micro-analysis of the plant, TLC or 
UV is difficult and time-consuming or impossible without assistance from the computer , 
For this purpose， JolUfFe et al.[66] proposed a system for the computer-aided 
identification ofpowdered vegetable drugs . The system has made a great progress in this 
field and helps a relatively inexperienced microscopist to arrive at the correct 
identification of the powdered drugs . However ’ searching the system still needs some 
training and experience . An improvement on the Jolliffe'method [66]was proposed for 
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identifying CHD [67] .The number of characters of micro-analysis was increased from 30 
in the JolUffe'system to 42 in the system . Gill et al. [68] proposed a computer search 
system for the identification of chemical drugs using a combination of TLC，GC and 
ultraviolet spectral data . The system allows the user to find the best matches for the 
specimen tested . Only the data of maximum absorption in ultraviolet spectral was coded 
in the system so the spectral data are not efficiently used in the system . 
A handling system of ultra-violet spectra was proposed for identification of 
CHD[39^0]. However , only 66% of the specimen collected in the system show some 
differences in the spectral features . The databank of a name-book for CHD has been 
proposed [69], which is a useful source book . As the Chinese is used for searching the 
databank，the usefulness for the identification of an unknown CHD is limited . A 
databank for Chinese herbology using a combination of picture of scanning electron 
micrographs(SEM) and Chinese character has been built[70]. This is good for teaching 
or for confirming an identification is a good method . Because the system cannot be 
searched by the data of SEM , the system still cannot be used for the identification of an 
unknown CHD . 
From the above discussion，there is a need to systematize , standardize and 
automate the procedure for the identification ofCHD . 
6.3 Experimental 
6.3.1 Instrumentation and apparatus 
The FTni spectrometer and the Wig-L-Bug amalgamator used were the same as 
described in Section 5.31 . 
An ultrasonic cleaner ’ model Bransonic S-3200 was used for extracting CHD . 
A centrifugal machine , model Beckman CPR, was used for centriftigation of the 
extracted solutions of CHD . 
An ultra-low temperature freezer，model Bio-Forma Scientific , was used for 
freezing the extracted solutions of CHD . 
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A freeze dryer , model Virtis unitrap H , was used for freeze-drying the extracted 
solutions of CHD • 
6.3.2 Reagents 
Potassium bromide used was of spectroscopy-reagent grade . 
6.3.3 Computer program 
A computer program for searching CHD and the entire program was written by 
ourselves in Quattro Pro software ( version 4.0 ) . W. data of the specimens were 
obtained by communication . The communication software and parameters were the same 
as described in 2.2.3.1-B , The coding system software was the same as described in 
Chapter 2 . The library search system software including the database of Chinese herbal 
drugs was about 2,657.493 Bytes . 
6.3.4 The coUection of standard specimens 
The CHD used as the standard specimens were identified . Some of the specimens 
are toxic . Some ofthem have close relative relationships of plant origins . Some of them 
are similar in appearance . 
6.3.5 Preparing the extracted dry powder of standard specimens 
The procedure for preparing the extracted dry powder of standard specimens of 
CHD is as follows : 
(1) the herbal drug was crashed into powder and about 0.5 g was put into a centrifuge 
tube foUowed by the addition of 15 ml of distilled water and was allowed to soak for 
12h. 
(2) the sample was shaken using an ultrasonic cleaner for 40 min [71-72]and then 
centrifiiged for 20 min. at 4 ®C and at a speed of 6000 r/min . 
(3) the supernatant liquid was transferred to a plastic tube , and kept in the ultra-low 
temperature freezer for 30 min.. 
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(4)the frozen extract from 3 was free-dried in the freeze dryer . The dry powder was 
called the extracted dry powder, which was then kept in a desiccator . 
6.3.6 Mixing KBr with the extracted dry powder and preparing the 
KBr pressed-pellet 
The procedure for mixing KBr with the extracted dry powder was the same as 
described in Section 5.3.7 . The procedure of preparing KBr pressed-pellet was the same 
as described in Section 5.3.8 . 
6.3.7 Spectrophotometric measurement of IR spectra 
The parameters used were the same as described in Section 2.2.2.6 except that 
the scan time was set at 90 seconds . The wavenumber region was from 2000 to 1000 cm"^  
.Each specimen was measured three times in different KBr pellets . 
After each spectrum was measured , it was smoothed and then differentiated . The 
parameters of the two steps were as follows : 
For smoothing the spectra : Points = 9 ； 
For differentiating the smoothed spectra : Order = 1 ； Points = 9 . 
6.4 Modification ofcoding system specified in Section 2.2.7.2 
Li order to code the JK spectra files of CHD， the coding system specified in 
Section 2.2.7.2 was modified . 
6.4.1 The Key Codes of the CMD specimens 
The key codes in the JK database of CHD were selected as follows : 
(1) the Disk name ； 
(2) Latin botanical name ； 
(3) Latin name of medical material 
(4) Chinese spelling ； and 




Ll the system，the disk name consists of two parts . The first part shows the type 
of JR spectra and CHD is used to mean Chinese herbal drugs . The second part is the 
coding number of CHD . We arbitrarily gave each CHD a coding number in 3 figures in 
order that the computer can conveniently treat the strings of names . 
6.4.3 Latin name of medical material and Latin botanical name 
The use of the name for name-search has always been a difficult task .There are 
four names for each species of CHD in CP(1990)[47]. The first is the name in Chinese， 
The second is the Chinese spelling for the name in Chinese and third is the Latin name of 
medical material. The four is the Latin botanical name . There are five names for each 
species of CHD in the CP English version(1992) [73]. The first is the Latin name of 
medical material，the second is the name in Chinese , the third is the Chinese spelling 
and the four is the English ofmedical material . The fifth is the Latin botanical name . 
hi the proposed system , we selected four names of each species of CHD : (1) Latin 
botanical name ； (2) Latin name of medical material ； (3) Chinese speUing ； and (4) 
English name of medical material. 
For the same species ofherbal drug，the Latin botanical name is same . However ’ if 
the pharmaceutical parts of the herbal drug are different，the Chinese spellings，Latin 
names and EngUsh names of medical material names will be different . An example is 
shown below : 
Latin botanical name Chinese spelling Latin name of English name of 
medical material medical material 
Aristolochia debilis Sieb. et Madoling Fructus Birthwort 
Zucc Aristolochiae fruit 
Aristolochia debilis Sieb. et Qingmuxiang~~ Radix Duchmanspipe 
Zucc Aristolochiae root 
Hence，if only one name is selected as the key code in the system , it may 
sometimes confuse the spectral files，so that four names were selected as the key codes in 
the system. 
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After the work was completed，we note that the latest CP (1995 version) still 
retain the Latin name of medical material and Latin botanical name besides Chinese 
spelling [74]. 
6.4.4 A specific sub-program for coding CHD 
For the coding system software，the changes of names have been written a specific 
sub-program for coding CHD . 
6.5 Library search ofthe IR database of C H D 
Li order to evaluate the performance of the proposed library search system of 
CHD , we designed two type of library searches . For type 1 and type 2 experiments , 
unknowns selected were all standard specimens of CHD collected in the system，and the 
rest was the same as described in Section 3.3 ’ except that the only significance levels 
were different for type 1 and type 2 experiments . Note that as the total number of CHD 
was 26 , the prefiltering step was not necessary . 
Item \ type Type 1 Type2 � 
Significance level for Library search (pi ) 0.01 0.05 
6.6 The confirmation of known specimen spectra 
Li this Ubrary search system for the identification of CHD，the following items 
ean be used as criteria for the confirmation ofknown specimen spectra : 
(1) Latin botanical name ； 
(2) Latin name of medical material ； 
(3) Chinese speUing for the name in Chinese ； and 
(4) EngUsh name of medical material. 
For searching the wildcards of CHD，(1) and (4) above may also be used as 
criteria for wildcard search . 
6.7 Results and discussion 
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6.7.1 Selection of the conditions of preparing the extract of CHD in dry 
powder form 
Because the compositions in CHD are compUcated , the components dissolved in 
decoction are not only hydrophiUc but also lipophilic [75-76] . It has been reported that 
the types of components dissolved in the decoction are saccharides，oligosaccharides， 
amino acids，peptides，proteins , glucosides，organic acids , polyphenols，nucleosides， 
nucleotides, alkaloid salts and inorganic salts . 
There are problems to grind CHD directly into the powder form when it is the 
herbal seed or the sticky substance . Further，the spectral character of CHD is lower 
than that ofthe dry powder from the CHD extract to be described below . 
Because the ordinary preparation of CHD is decocted in water for oral dose after 
soaking ’ distilled water and not chloroform or acetone was selected as the solvent to 
extract the herbal drug after it has been entirely soaked . In order to obtain the extract in 
dry power form ’ the freeze drying is used . The advantages of using freeze drying are : 
(1) it is safe unlikely to decompose the components in the extract，(2) freeze drying is 
the best technique to produce particles of submicron size[77]，which is very beneficial 
to obtain a good quality JK spectra for solid specimens，and (3) the operation is simple 
and automatic . The dry powder from the CHD extracts can be directly mixed with 
KBr to produce pellet for JK measurement . 
6.7.2 Computer assisted identification of CHD using derivative IR 
spectra of the extract in the dry powder form 
Our preliminary experiments showed that most zero order JK spectra of the 
CHD extracted in dry powder form exhibited broad and complex contours rather than 
distinct peaks and cannot be directly suitable for the purpose of the identification 
especially for extracting the spectral features . The same phenomenon was reported 
earUer by Helm et al. [63]. 
It has been reported that a simple method for resolution enhancement is to take 
derivatives [78] . Derivative spectroscopy is a useful technique for identifying overlapped 
peaks by accentuating band profiles , small shoulder on intense peaks can be readily 
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identified，and the technique is biased toward the sharper features of the spectrum . 
Sharpening of the spectra is beneficial to extracting the spectral features for coding ER 
spectra . Brown et al. [79] also reported that derivative spectra is an exceUent means for 
eliminating background absorption . However , derivative method also amplifies noise 
levels . Hence，more sophisticated approaches to smooth JK spectra in conjunction with 
the derivative method often permits information to be obtained [78,80]. Smoothing 
function removes noise from a spectrum and allows a better view of the real peak 
shape [81]. 
Hence，the above computing techniques are used to treat the zero-order JR spectra of 
the extract ofCHD in dry powder form . The results show that i f a smooth function 
is used in conjunction with the derivative technique , the treated 汉 spectra，first order 
derivative are much better both in the spectral characteristics and identifying the complex 
contours than the zero-order spectra . In this way，most of the information "hidden" 
beneath the shape of the spectrum may be "exposed" , Two typical examples using the 
computing techniques , namely , Syringa pinnatifolia var,alashanenisi var,nov . and 
Lactuca sativa L are shown in Figures 6.1 and 6.2 ’ respectively . The zero-order 
spectra are shown in Figure 6.1.A and Figure 6.2.A , the smoothed spectra in Figure 
6.1 .B and Figure 6.2.B , and the smoothed first derivative spectra shown in Figure 6.l.C 
and Figure 6.2.C，respectively . It is clear that the computing techniques greatly 
enhance the resolution and improve the quality of the JK spectra . 
With resolution enhancement using the derivative spectra，it is possible that a derivative 
absorption peak of an unknown mistakenly matches a derivative absorption valley of a 
target dmgs and vice versa during the Ubrary search . In order to avoid this，the 
wavenumbers of derivative absorption peaks are defined as positive values whereas the 
wavenumbers ofderivative absorption vaUeys as negative values . 
6.7.3 Selection of the wavenumber region 
Our preliminary experiments show that the values of dA/dv below 900 cm"^  are 
often smaller than those above 900 cm"^  and the spectral feature around 900 cm"^  is 
poor. Further , the spectra features of the derivative spectra are quite similar the 
wavenumber region from 1000 to 900 cm\as can be seen from the first derivative spectra 
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of three typical Chinese herbal drugs namely，Caesalpinia sappan L, Lactuca sativa L 
and Syringa pinnatifolia var.alashanenisi var.nov.，shown in Figures 6.3A，6.3B and 
6.3C，respectively. 
Li order to extract spectral features from the "rich region" and "enlarge" the spectral 
differences，the wavenumber region was selected from 2000 to 1000 cm'^. 
The first order derivative JK spectra of the foUowing 26 CHD are shown from 
Figure 6.4.A to Figi^e 6.11 .C . 
Figure No. Disk name Latin botanical name 
Figure 6.4.A CHD001 Dictamnus dasycarpus Turcz. 
Figure 6.4.B 1CHD002 Pinellia ternata (Thunb.)Breit. 
Figure 6.4.C CHD003 — Croton tiglium L. 
Figure 6.5.A CHD004 Aconitum kusnezoffii Reichb. 
Figure 6.5.B CHD005 Paeonia veitchii Lynch 
Figure 6.5.C CHD006 Aconitum carmichaeli Debx. 
Figure 6.6.A CHD007 Erycibe obtusifoliaBenth, 
Figure 6.6.B CHD008 Euphorbia kansui TMLiou et T.P. Wcmg 
Figure 6.6.C CHDQ09 Nigella glandulifera Freyn 
Figure 6.7.A CHD010 Dianthm chinensis L. 
Figure 6.7.B CHD011 Dipsacusfullonum L. 
Figure 6.7.C "CHD012 Ephedra sinica Stapf. 
Figure 6.8.A CHD013 Strychnos Nux-Vomica L 
Figure 6.8.B "CHD014 Hygrophilasai cifolia Ness 
Figure 6.8.C CHD015 Rhododendron molle.G.Don 
Figure 6.9.A CHD016 Scutellaria viscidula Bunge 
Figure 6.9.B CHD017 Phytolacca americam L 
Figure6.1 CHD018 Syringa pinnatifolia var.alashanenisi var.nov. 
Figure 6.9.C CHD019 Tamarix chinensis Lour, 
Figure 6.10.A CHD020 Caesalpinia sappan L 
Figure 6.10.B "CHD021 — GastrodiaelataBl 
Figure 6.2 CHD022 Lactuca sativa L 
Figure 6.10.C "CTD023 Periploca sepium B^e, 
Figure 6.11 .A "CHD024 Cymbaria dahurica L. 
Figure 6.11 .B CHD025 一 Dipsacus japonicus Miq. 
Figure 6.11 .C CHD026 Daphne ^enkwa Sieb. et Zucc. 




" ° ° “ 。 。 “ ° 。 “ ° 。 j ° ° ° 】 知 。 1 ^ ° ° i a o a { 2 0 0 ‘ l i o o ' , L o o 
wavanumbar' Ccm~ 1 > 
1[2^ ,| 
20D0 l goo j e o o l 7 0 0 { e o o l s o o l 4 0 0 l a o o l a oo ' “ l i i o ' ‘ i o o o 
Wovonumbor- <em- 1 > 
w 4 a I I 
a- . 
V • 









• • _ I • • • I _ _ _ • _ • _ I • • • I , I • I _ _ • I • • • ！ • • _ I • • • 
3000 1900 1800 1700 1600 1500 1400 1300 1200 1100 lCOO 
j Wavartumbon <om— 1 > 
‘Figure 6.1 The representative spectrum of Syringa pmnatifolia var.aIashanenisi var.nov 
A is for original spectrum . B is for smoothed spectrum . C is for derivative spectrum 
L -
m d-
( L 7 ^ : 
_ • _ I • , • I » , • I • • • I • , • •. I . I . • • t _ • • I . , . I . • • 200a 1 900 1 SOO 1700 160a S 500 1 AOQ 2 300 1 200 1100 1000 
Wavooombor- <cm~ 1 > 
C1 d •-
: . W / \ 
J V j \ . 
]Vw^ 
iooo' • Uoo Uoo^" l700 Uoa isoo l400 Uoo Uoo lioo Iooo 
Wavanombar <cm-1) 
[ Y H 
d — ' •• i^ o—t7Sr~^~ i^^ ^"ti5 ’^ . Uoo Uoo Uoo l>oo !ooo 
12000 1900 lBOO 17叫 wav-nunito-广 <em-l> ._ 
Figure 6.2 The representative spectrum ofLactuca sativa L 
A is for original spectrum . B is for smoothed spectrum • C is for denvative spectrum 
m a 
⑷ | | L 
ty\J Ill^Wr 
— ' ~ • ~ • ~ I ~ - ~ • ~ • ~ I ~ . ~ . ~ . ~ 1 ~ . ~ . ~ , _ ^ I _ . _ . _ . _ I _ , _ _ , _ . I . . . [ . . , 2000 1800 1600 140a 1200 1000 BOO 600 400 
WevQnumb<in Ccm~ 1 > 
d 
d-
i . (B) 






^ . , I 
2000 lBOO ieOO 1 400 1200 lOOD BOO 600 4.00 
Wdvanumh)0r- <cm- 1 > 
：! •
d - . 
s (c) 
i ~ v J ) f ^ h f | | K " ^ ^ ^ : 
I 111 
I 0 0 d • • - “ 
I m 
0 
‘looo ~‘~!eoo • “‘~1600 ~‘“^ 1400 .“‘“isoo ~‘“looo ~ eoo~^‘~ eoa~‘“ 4oo 
Wavanumbar- <em-l) • 
Figure 6.3 The representative smoothing in conjuction with first derivative spectra 
A is for Caesalpmia sappan L. B is for Lactuca sativa L . 
C is for Syringapimatifolia var.alashanenisi var.nov. • 
Q 
0 • _ » 。T 
^ (A) 
» f l;hVVh|k/ 
1 y • 
3 V 
； 1 . 0 
9 I ‘ _~_ • • ‘ , I • • » I • •~r-H^~.”, t •~, , I .,_, . I , ., . I . ,_. J , . , • l2000 1900 ieOO 1700 ieoo lSOO 1400 1300 1200 1100 iooo 
Wovonumbar* Cem- 1 > 
A 
1 (B) 
h A V : 
ffl cH 
d I . . » l ,~r-^~.~, » I • .~r |-V-.~, \ . .~, • • . . I I ,., . I • •. 
l200a 1900 lSOO I700 lQOO 1500 1^00 1300 1200 1 100 1000 
Wovonumbor* <cm~ 1 > 
"I ft 
o_ (C) 





?T . . , t » . • I • . . I . . • \ • • , I _ _ • \ • , • I ， • • • • • ， • • •響 2000 1800 1 BOO 1700 1800 1500 1400 1300 1200 1 lOO 1000 
WavMnumbon Ccm—1> 
Figure 6.4 The representative smoothing in conjuction with first derivative spectra 
A is for Dictamnus dasycarpus Turcz. . B is for Pinellia ternata CThunh.)Breit.. 
C is for Crotoii tigIium L . 
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Figure 6.5 The representative smoothing in conjuction with first derivative spectra 
A is fof Aconitnm kusnezoffii Reichb. . B is for Paeonia veitchii Lynch . 
C is for Aconitum carmichaeli Debx.. 
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Figure 6.6 The representative smoothing in conjuction with first derivative spectra 
A is for Erycibe obtusifolia Benth.. B is for Euphorbia kansui T.N.Lioit et T.P. Wang 
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• . : ‘ 
tfl] 
m4 
K M / : 
Q N a 












. . , . , I . . I , , I I \ ‘ ‘ 
2odo' i9oo' iaoo i7oo 1000 isoo " 0 0 1300 1200 1x00 1000 
Wavanumbar- <cm-l> 
m 
丨（c) A I: 
H H 
n . , • . . , , , , . I . I , , • , I , . I .,.. ZOOO 1900 lBOO 1700 IBCO lSOO 1400 1300 1200 1 100 "oOO 
Wavanumbar- <cm-l> 
Figure 6.7 The representative smoothing in conjuction with first derivative spectra 
A is for Dianthus chinensis L . B is for Dipsacus fiillonum L.. 
C is for Ephedra sinica Stapf.. 
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Figure 6.8 The representative smoothing in conjuction with first derivative spectra 
A is for Strychnos Nux-Vomica L.. B is for Hygrophilasai cifolia Ness . 
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Figure 6 9 The representative smoothing in conjiiction with first derivative spectra 
A is for Scutellaria viscidida Bunge. B is for Phytolacca americana L. 
C is for Tamarix chinensis Lour.. 
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‘Figure 6.10 The representative smoothing in conjuction with first derivative spectra 
I A is for Caesalpinia sappan L. . B is for Gastrodia elata Bl.. 
[^  C is for Periploca sepium Bge., 
hA^ 
m a 
0' , , , • , , , I , , . I . • . • , • . I . . , \ , , , I . • , . , . , I 
I2000 1900 lBOO 1700 1000 lSOO " 0 0 1300 1200 1100 1000 
Wavanumbon <em-1> 
• 
o _ , 
g： (B) I 
f~~^tMr^AA/" 
i a i) • <?-
U 
^ 
a d- _ 
I •• 
1 V 
I • • 
aooo' isoa' iBoo i7oo'~_ iebo'~" isoo' ‘ lAoo ‘ iaoo' ‘ lsoo iibo' ‘ 'ooa 
Wavanumbor- <em-l > 
o] d-
t^/ihjj 
• • • I _ • _ t , • , I • - - 1 • , • I • _ • \ • . _ I • • • I . , , I . , . 2000 2 900 1800 1700 1600 lSOO l^ OO 1300 1200 1100 1000 
Wavonumbar* Ccm— 1 > 
Figure 6.1 lThe representative smoothing in conjuction with first derivative spectra 
… A is for Cymbaria dahnrica L.. B is for Dipsacns japonicus Miq.. 
C is for Daphne genksva Sieh. et Zucc. 
After obtaining the coding files of CHD，we built the disk files of database for CHD 
using the same procedures as described in Section 4.4.4，and a very brief form of the 
database of CHD is shown in Table 6.1 . 
Table 6.1 Avery brief form of the database for CHD 
Disk L a t i n b o t a m c a l ~ “ I s t * ~ 2nd.* 3 r d . * “ “ 1 s t . 2nd. 3rd. 
Name name wave* wave* wave* NF % NF % NF % 
CHD001 Dictamrms -1167.56 -1056.15 -1086.28 18.149 12.720 6.981 
dasycarpus 
Turcz. 
CHD002 Pinellia ternata""""1014.23""""^-1753.54 -1169.30 12.969 10.958 9.881 
(Thunb.)Breit 
CHDOOT Crotonti^liumL, -1755.54 1735.52 -1472.57 28.623 17.445 10.752 
CHD004 Aconitum -1169.17 -1088.16 -1057.15 19.446 10.269 9.246 
kusnezoffii 
Reichb. 
CHD005 Paeoniaveitchii~""-1082.58 1033.59~~-1154.43 11.766 10.038 9.861 
Lynch 
CHD006 Aconitum -1165.69 -1054.61 1012.51~~15.490 12.595 11.454 
carmichaeli 
Debx. 
CHD007 Erycihe 1582.33 -1131.60 1106.48 9.562 9.160 8.462 
obtusifolia 
Benth, 
CHD008 Euphorbia 1015.81 ~~-1162.26 -1683.98 14 631 14.588 10.756 
kansui T.N.Liou 
et T.P.Wang 
CHD009 Nigella -1756.15 1736.12 -1472.33 28.340 24.385 10.756 
glandulifera 
Freyn 
CHD010 Dianthus -1691.69 1562.24""^-1157.29 10.684 9.710 9.568 
chinensis L. 
CHD011 Dipsacus -1755.48 -1471.39 1507.89 17.188 9.427 7.769 
fullonum L. 
CHD012 Ephedrasinica -1640.20 -1470.14 1565.41 11.176 11.161 10.407 
Stapf. 
CHD013 Strychnos -1084.77 -1705.20 -1158.21 9.468 8.680 7.844 
Nux-Vomica L. 
CHD014 Hygrophilasai -1691.69 1023.03~"~-1176.36 11.715 10.750 9.778 
cifolia Ness 
CHD015 Rhododendron 1002.83""""1575.33~""-1160.77 13.763 11.009 9.983 
molle.G.Don 
CHD016 Scutellaria -1677.01 1564.73~"-1626.52 9 . 5 3 8 ~ " 9 ^ " ^ " 6 . 8 1 7 
viscidula Bunge 
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CHD017 Phytolacca -1167.94 -1473.03 -1692.57 15.737 8.630 8.087 
americana L. 




CHD019 Tamarix 1575.96"^““-1749.05 1099.66~~10.948 10.524 10.091 
chinensis Lour. 
CHD020 Caesalpinia -1629.92 1557.03~""-1471.34 12.257 10.938 8.827 
sappan L. 
CHD021 Gastrodia elata -1167.63 -1087.36 -1754.14 9.706"““8.444"~""7.964 
旦 
； CHD022 LactucasativaL7 -1695.76 -1755,89 1510.37 l Z 8 ^ 10.308 "s.681 
CHD023 Periplocasepium -1084.96 -1474.72 -1169.15 10.026 10.018 9.786 
JS£： 
CHD024 Cymharia 1003.94 1559.50 -1668.37 11.406 9.939 7.805 
dahurica L, 
CHD025 Dipsacus -1755.75 1735.26"““-1471.78 20.976 13.728 9.070 
japonicusMiq. 
CHD026 Daphnegenkwa -1728.34 1564.46~~-1135.43 11.474 9.742~~8.431 
Sieb. et Zucc. 
* positive values for absorption peaks and negative for a vaUey absorption in the first 
order derivative JK spectra • 
<i' 
6.7.5 Evaluation of the performance of the library search system for 
Chinese herbal drugs(CHD) 
6.7,5.1 The effects of significance levels 
In order to observe the effects of significance levels on searching the first order 
derivative n i spectra，library searches were made using different significance levels 
(p) ： (1) p = 0.01，and (2) p = 0.05 . Note that as the number of CHD in the database was 
only 26 ’ the prefiltering step was not necessary . 
6.7.5.1-A Librarv search for the using D = 0.01 
For shortness sake , we only show the similarity scores between the unknowns and 
their target drugs greater than 40.00, in Tables 6.2 (similarity score >70 ) , Table 6.3 ( 
similarity score between 50.00 and 70.00 )，and Table 6.4 ( similarity score between 
40.00 and 50.00 ) , respectively . 
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The distribution of the similarity scores found in the Ubrary search using p 二 0.01 
is shown in Table 6.5 . 
It can be deduced from Table 6.2 to Table 6.4 that the similarity scores between 
drugs from the same genus are higher than those between different genera of CHD with 
an average value of 77.03 . If the similarity score above 70 is found，the unknown and 
the target drug may belong to the same genus，whereas if the similarity score below 62 , 
the unknown and the target drug may belong to different genera . The similarity scores 
using p = 0.01 clustered around 2-40 . 
Table 6.2 The list ofCHD with similarity scores greater than 70.00 using p = 0.01 
Unknown Unknown Simila CHD Target drugs 
rity 
disk Latin botanical name score disk Latin botanical name 
CHD025 Dipsacus japonicusMiq. 85.42 CHD011 Dipsacus fullonum L 
CHD011 Dipsacusfullonum L 78.30 CHD025 DipsacusjaponicusMiq. 
CHD006 Aconitum carmichaeli Debx. 72.22 CHD004 Aconitum kusnezq(fii Reichb. 
CHD004 Aconitum kusnezqffti Reichb, 72.22 CHDQ06 Aconitum carmichaeli Debx. 
Table 6.3 The Ust ofCHD with similarity scores between 50 00 and 70.00 using p = 0.01 
Unknown Unknown ~ Simila CHD Target drags 
rity 
disk Latin botanical name score disk Latin botanical name 
CHD007 Erycibe obtusifolia Benth. 61.54 CHD018 Syringa pinnatifolia 
var.alashanenisi var.nov. 
CHD021 Gastrodia elata Bl. 57.41 CHDOO1 Dictamnus dasycarpus Turcz. 
CHD018 Syringa pinnatifolia 56.80 CHD007 Erycibe obtusifolia Benth. 
var.alashanemsi var.nov. 
CHD008""""Euphorbia kansui T.N.Liou et 56.25 CHD021 Gastrodia elataBl. 
T.P.Wang 
CHD004 Aconitum kusnezoffii Reichb. 55.56 CHD001 Dictamnus dasycarpus Turcz. 
CHDOO 1 Dictamnus dasycarpus Turcz. 55.56 CHDQ04 Aconitum kusnezoffii Reichb. 
CHD017 Phytolacca americana L 51.85 CHD006 Aconitum carmichaeli Debx. 
CHD001 Dictamnus dasycarpus Turcz. 51.03 CHD021 Gastrodia elata Bl. 
CHDO17 Phytolacca americana L. 50.00 CHD004 Aconitum kusnezoffii Reichb. 
CHD001 Dictamnus dasycarpus Turcz. 50.00 CHD006 Aconitum carmichaeli Debx. 
CHD006 Aconitum carmichaeli Debx. 50.00 CHDQ01 Dictamnus dasycarpus Turcz. 
~CW024 CymbariadahuricaL. 50.00 CHD010 DianthuschinensisL 
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Table 6A The list ofCHD with similarity scores between 40.00 and 50.00 using p = 0.01 
Unknown Unknown Simila CHD Target drugs 
rity 
disk Latin botanical name score disk Latin botanical name 
CHD010 DianthuschmensisL 48.15 CHD024 CymbariadahuricaL 
CHD017 Phytolacca americana L. 48.15 CHP001 Dictamnus dasycarpus Turcz. 
CHD023 Periploca sepium Bge. 47.92 ^ D Q 2 1 Gastrodia elata Bl. 
CHD026 Daphne genkwa Sieb. et Zucc 47.92 CHD007 Erycibe obtusifolia Benth. 
CHD021 Gastrodia elata Bl. 46.30 CHD004 Aconitum kusnezoffii Reichb. 
CHD006 Aconitum carmichaeli Debx. 44.17 CHD017 Phytolacca americana L 
CHD021 Gastrodia elataBl 43.92 CHD023 Periploca sepium Bge. 
CHD007 Erycibe obtusifolia Benth. 43.92 CHD026 Daphne genkwa Sieb. et Zucc 
CHD023 Periploca sepium Bge. 43.48 CHD017 Phytolacca americana L 
CHD023 Periploca sepium Bge. 43.18 CHD002 Pinellia ternata CThunb.)Breit. 
CHD002 Pinellia ternata (rhunb.)Breit 43.18 CHD023 Periploca sepium Bge. 
CHD004 Aconitum kusnezoffii Reichb. 42.59 CHD017 Phytolacca americana L 
CHD023 Periploca sepium Bge. 42.31 CHD018 Syringa pinnatifolia 
var.alashanenisi var.nov. 
CHD002 Pinema ternata CThunb.)Breit. 41.67 CHD021 Gastrodia elataBl 
CHD017 Phytolacca americana L 41.59 CHD023 Periploca sepium Bge. 
CHD002 Pinellia temata fThunb.)Breit 41.30 CHD017 Phytolacca amencana L 
CHD004 Aconitum kusnezoffii Reichb. 41.15 CHD021 Gastrodia elata Bl. 
CHD001 Dictamnus dasycarpus Turcz. 41.02 CHD017 Phytolacca americana L 
CHD008 Euphorbia kansui T.N.Liou et 40.00 CHD015 Rhododendron molle(Bl).G.Don 
T.P.Wang 
Table 6.5 The distribution of similarity scores for the unknowns with 650 target 
drugs 
Similarity score The number of target drugs Relative 
range frequency % 
85.42-72.22 4 “ 0.62 
61.54-50.00 12 L55 
49.99-40.00 19 ^ 
39.99-30.00 66 一 1015 
29.99-20.00 182 28.00 
19.99-10.00 1 ^ 43.85 
9.99-2.25 “ ^ 12.62 
h ^ a l 650 100 
6-7.5.1-B Librarv search using p = 0.05 
For shortness sake，we only show the drugs with similarity scores between the 
unknowns and their target drugs great than 30 ’ in Tables 6.6 ( similarity score > 65)， 





* . ‘ 
Table 6.7 ( similarity score between 40 and 65.00) and Table 6.8 ( similarity score 
between 30.00 and 40.00), respectively . 
Table 6.6 The list of CHD with similarity scores greater than 65.00 using p = 0.05 
Unknown Unknown Simila CHD Target drugs 
rity 
disk Latin botanical name score disk Latin botanical name . 
CHD025 Dipsacus japonicusMiq. 81.25 CHDO11 Dipsacus fullonum L 
CHDO11 Dipsacus fullonum L 74.48 CHD025 Dipsacusjaponicus Miq. 
CHD004 Aconitum kusnezoffii Reichb. 66.67 CHD006 Aconitum carmichaeli Debx. 
CHD006 Aconitum carmichaeli Debx. 66.67 CHD004 Aconitum kusnezqffii Reichb. 
Table 6.7 The list ofCHD with similarity scores between 40.00 and 65.00 using p = 0.05 
Unknown Unknown Simila CHD Target drugs 
rity 
disk Latin botanical name score disk Latin botanical name 
CHD001 Dictamnus dasycarpus Turcz. 48.15 CHD004 Aconitum kusnezoffii Reichb. 
CHD004 Aconitum kusnezoffii Reichb. 48.15 CHDQ01 Dictamnus dasycarpus Turcz. 
CHD021 Gastrodia elata Bl 42.59 CHD001 Dictamnus dasycarpus Turcz. 
CHD023 Periploca sepium Bge. 41.67 CHDQ21 Gastrodia elata Bl 
CHD017 Phytolacca americana L. 40.74 CHD006 Aconitum carmichaeli Debx. 
Table 6.8 The list ofCHD with similarity scores between 30.00 and 40.00 using p = 0.05 
Unknown Unknown " ~ ~ Simila CHD Targetdrugs 
rity 
disk Latin botanical name score disk Latin botanical name 
CHDQ21 Gastrodia elata BL 38.19 CHD023 Periploca sepium B^e. 
CHPOO1 Dictamnus dasycarpus Turcz, 37.86 CHD021 Gastrodia elata Bl. 
CHD006 Aconitum carmichaeli Debx. 34.71 CHD0I7 Phytolacca americana L. 
CHD017 Phytolacca americana L. 33.33 CHDQQ4 Aconitum kusnezoffii Reichb. 
CHD017 Phytolacca americana L 33.33 CHD001 Dictamnus dasycarpus Turcz. 
CHD021 Gastrodia elata Bl. 33.33 CHD004 Aconitum kusnezoffii Reichb. 
CHD009 Nigella glandulifera Freyn 32.50 CHD003 Croton ti^lium L 
CHD009 Ni^ella ^landulifera Freyn 31.82 CHD025 Dipsacusjaponicus Miq. 
CHD021 Gastrodia elata Bl 31.48 CHD006 Aconitum carmichaeli Debx. 
CHD023 Periploca sepium B^e. 31.25 CHD007 Etycibe obtusifolia Benth. 
CHD007 Erycibe obtusifolia Benth. 30.77 CHD018 Syringa pmnatifolia 
var.aIashanenisi var.nov. 
The distribution ofthe similarity scores found in the Ubrary search using p = 0.05 
is shown in Table 6.9 . 
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Table 6.9 The distribution of similarity scores for the unknowns with 640 
target drugs 
Similarity score The number of target drugs Relative 
range frequency % 
82.00-65.00 4 0.63 
"1^99-40.00 5 0.78 
39.99-30.00 11 1.72 — 
29.99-20.00 — 81 12.66 
19.99-10.0 270 — 42.19 ‘ 
^ 9 - L 5 Q I 269 42.03 
It can be deduced from Table 6.6 to Table 6.8 that the similarity scores between 
drugs from the same genus are also higher than those between different genera of CHD 
and with an average value of72.27 . If the similarity score is above 65，the unknown and 
the target drug may belong to the same genus . If the similarity score is below 50 , the 
unknown and the target drug may belong to different genera . The similarity score using 
p = 0.05 clustered around 2-30 . 
6.7.5.1-C Comparison ofresults using p = 0.01 with those p = 0.05 
Comparing results of the search using both significance levels , it can be seen that 
the similarity scores between different species of CHD's collected are below 90，while 
the similarity scores between the same genus of CHD are above 66 and higher than those 
between different genera of CHD . This may be related to the distribution of the plant 
！ 
secondary metabolites，which are characteristics of restricted group(i.e., a genus or 
family) of plants [58] . The finding is similar to those reported using ultra spectra to 
identify CHD [39]，however , the result of discriminating the same genus but different 
species of Dipsacus japonicusMiq. and Dipsacus fullonum L is obviously superior to 
the earlier result ofidentification by ultra-violet spectra [37]. 
For p=0.01，the average similarity score among same genus but different species 
is 77.03(see Table 6.2) while the highest similarity score for unrelated drugs was 
61.54(see Table 6.3) and the difference between these two values , an indication of the 
discriminating abiUty ’ is 15.50 . The corresponding values when using p=0.05 are 
72.27(see Table 6.6) and 48.15(see Table 6.7) , respectively，and the difference between 
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these two similarity scores is 24.12 . Hence it is expected that the discriminating ability 
when p=0.05 is slightly better than that when p=0.01 is used . Hence the significance level 
of 0.05 is recommended for search of the first order derivative IR spectra ofCHD . 
6.8 Conclusion 
A new approach to the computer assisted identification of CHD using 01 
spectrometry has been proposed . 
A procedure for preparing extract of the Chinese herbal drugs in dry powders form 
is developed based on the practice in traditional Chinese medicine . The procedure is 
simple and extracted dry powders from the extracts can be directly used to prepare KBr 
pellets for IR measurements . 
We have found that it is desirable to use the first derivative JR spectra and not the 
zero order ones for the search . Through computing technique , smoothing the spectra in 
conjunction with the first derivative , greatly enhances the resolution and improves the 
quality of zero order IR spectra . 
A miniature database for the ER spectra of CHD have been built . Through the 
performance test of the library search using this database , it has been shown that the 
spectral similarity score in the derivative spectra between different herbal drugs can 
reflect the relative relationships of the plant origins，and hence , the proposed system can 
be used for the identification of CHD • The performance result using the significance 
level 0.05 is preferred . 
Because the whole procedure of identification can be standardized and done in an 
automatic manner ，it is possible for an relatively inexperienced analyst to identify an 
unknown Chinese herbal drug to a certain degree using the proposed system . It is 
expected that the system will be more useful with further increase in the number of 
specimens collected . 
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CHAPTER 7 
CODEVG AND LIBRARY SEARCH SYSTEM 
FOR IR SPECTRA OF SOME 
CHINESE MINERAL DRUGS 
WITH NO APPARENT ABSORPTION PEAKS 
7.1 Introduction 
IK spectra can give the spectral feature on the structure and provide 
"fingerprint" of molecules . In general，spectral feature includes the wavenumbers , 
intensities and shapes of the absorption peaks . However，when a molecule contains 
some heavier atoms , the vibrational energies decrease with increasing mass and do not 
produce the apparent absorption in the middle of the JK region [l-2]. In fact，the IR 
spectra of some Chinese mineral drugs (CMD) collected show no apparent absorption 
peaks ’ however ’ we have found that it is easy to distinguish CMD with no apparent 
absorption peaks from those with the apparent absorption peaks . 
In the course of research work described in Chapter 5，some fake drugs were 
spotted by the fact that they did not exhibit any apparent absorption peaks . 
Further , we have observed that for the IK spectra with no apparent absorption 
peaks，both the slope and the intercept may be characteristics features . For example，the 
JK spectra ofdifFerent batches ofcinnabar collected always shows no apparent absorption 
peaks ’ however ’ the intensities always increase with increasing wavenumbers . In 
contrast, in the JK spectra ofdifferent batches of fluorite collected，the intensities always 
decrease with increasing wavenumbers . 
There is no report in the literature about the identification of this kind of samples 
with no apparent JR absorption peaks using TK spectrometry . It is the purpose of this 
work to develop a coding and library search system for the JK spectra of Chinese mineral 
drugs with no apparent absorption peaks . 
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7.2 Coding system for IR spectra with no apparent absorption 
peaks 
7.2.1 Definition of terms 
The wavenumber region selected from 500 to 1000 cm'^  , and to assure 
photometric accuracy and proper representation of the spectra，the absorbances 
in the specified wavenumber region are between 0.1 and 1.2 , i.e. 
0 .1<Abs<1 .2 ^:.q7.1) 
7.2.1.1 Definition of spectral features 
We arbitrarily define the following as the spectral features of the JK spectra with no 
apparent absorption peaks . 
No. Wavenumber Absorbance 
1 500.00 一 A 500.00 
2 6 0 0 . 0 0 — Aeoo.oo 
3 700.00 A 700.00 
4 800.00 A 800.00 
5 900.00 — A900.00 
了 1000.0 A 1000.0 
7.2.1.2 Definition of transformed spectra data 
Let 
ZA= A 500.00+ A 600.00 +A 700.00 +A goo.oo +A 900.00 +A 1000.0 (E.q7.2) 
Then, we define 
NF500.00 = ^ ^ x l O O (E.q7.3) 
NF6oo.oo= ^ x 1 0 0 (E.q7.4) 
NF700.00 = ^ ^ x l O O OE.q7.5) 
NFsoo.oo= ^ ^ x l O O (E.q7.6) 
NF900.00 = ^ ^ x l O O (E.q7.7) 
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^ 
NFiooo.o= - ^ ^ x l O O (E.q7,8) 
No. Wavenumber Normalization factor _% 
1 l 0 b . 0 0 一 NF 500.00 
2 600.00 ‘ NF 600.00 
J 700.00 NF 700.00 一 
4 800.00 NF 800.00 . 
5 900.00 Wgoo.oo 
6 1000.0 NF 1000.0 
If we transform the wavenumber into log(wavenumber ) or log(wave) in short, 
we can get the transformed spectral data from the above data. 
No. log (Wave) Normalization factor % 
1 2.699 NF 500.00 
2 2.778 NF 6oo.oo 
3 —2.845 NF 700.00 
4 2.903 NF 800.00 
5 2.954 NF 900.00 
6 3.000 NF 1000.0 
7.2.2 Regression analysis of the transformed spectral data 
7.2.2.1 Definition ofthe regression equation 
log(wave.i) is chosen as the independent variable and NFi% as dependent 
variable . The regression equation is given based on the principle ofleast-squares [3:. 
NFi % = b X log(wave.i) + a (Eq.7.9) 
where: 
—nZlog(^^e, )X NF,% -(Zlog(wave, ) x (J^NF,Vo) 
= n(J^Qog{wave., )f)-(X^og(wave., )f ^' • 
a= Z M ^ o / o - ^ x Z l o g — O = _ _ k j ^ ^ ^ ^ ^ ) (Hq.7.ll) 
n 
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where ’ b is the slope of the regression line，a, the intercept of the regression line , and 
n , the number of data points (described in Section 5.3.5 , we specify that each sample is 
measured three times in different KBr peUets，so n = 18)； 
Slog(wave,i)X NFi% is the sum of the products of the original log(wave.i) and NFi% 
values ； 
Zlog(wave.i) is the sum of all the log(wave.i) in the spectral representative . In the system 
，Slog(wave.i) = 51.5387 ； 
ZNF%.i is the sum ofall the Nfi% ； 
E(log(wave.i))2 is the sum of the squared log(wave.i) values • In the system , 
2Xlog(wave.i))2=i47.7579; 
(Slog(wave.i))2 is the square of the sum of all the original log(wave.i) . In the system , 
(Bog(wave.i))^ = 2656.2335 ； 
NFi% is the average value of NFi% ； and 
log(wave.. ) is the average value of Elog(wave.i). In the system， 
log(wave., ) = 2.8633 . 
7.2.2.2 Correlation coeff!cient of the regression equation 
The correlation coefficient of the regression equation , r，is specified based on 
the principle ofleast-squares . 
二 K Z l o g ( ^ ^ g . )xNF,%)-(T^ogwave, ))x(^NF,%) 闽 了 丨之） 
r 一 ^(n(Zlo^wave, f —(ZlogO^^e., ) ) ' ) x ( w ( l M ^ % ' ) - ( Z M < %)') 
where, SNFi%^ is the sum ofthe squared NFi% values and (ENFi%)^ is the square 
ofthe sum ofall NFi% ； 
7.2.2.3 Definition ofthe standard errors 
7.2.2.3-A Definition ofthe standard error of the sIope (b) • Sb 
The standard error of the estimate , Se, is defined based on the principle ofleast-
squares [ 4 ] . 
一 1 3 6 
l T m y o - ^ o ) ' - b ' xZ(( l0g(wve. , ) - l o g ( w a v ^ 
Se= ^ ； ^ (Eq.7.13) 
The numerator within the square root in (Eq7.13) is defined as the sum of squares 
ofthe errors(SSE)[5], i.e. 
SSE= Y^(NF.%-NFyof-b^x^((log(wave., )-log(wave., )f 
Hence ’ Eq.7.13 now is rewritten 
W 
Se = J ^ (Eq.7.14) 
\n-2 
The standard error of the slope 0>) , Sb, is defined as [4] 
Sb S® \X(Oog(wave., yiog(wave., ) f (Eq.7.15) 
In the proposed system, 
-
= 2.2979 
V L ((log(wave.,) 一 Xogiwave.^ )f 
Hence ’ Eq.7.15 is rewritten 
S b = 2.2979x S e ( E q . 7 . 1 6 ) 
I 7.2.2,3-b Definition ofthe standard error of the intercept (a) . Sa 
I 
The standard error of the intercept , Sa，is defined based on the principle of 
least-squares [4] 
S. = S e x J l + y , i ( \ ^ ^ ) ' ^q.7.17) 
\ n Zj (log(wov^., ) - log(wove.,)) 
In the proposed system 
|丄 I ^ ^ ^ ) 2 二 6.5837 
� n Zu Qog(wave., ) 一 log(wave.,)) 
Hence ’ Eq.7.17 is rewritten as 
Sa = 6.5837x Se (Eq.7.18) 
7.2.3 Spectral representation 
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In the system，the spectral representation is made up of three parts : (1) the key 
codes of the specific properties of the sample ； (2) the characteristic data of the regression 
line ； and (3) the transformed spectral data . 
We define the foUowing as the specific properties of the spectra as described in 
Section 5.4.1. 
(1) disk name ； 
(2) sample name ； 
(3) molecular formula: 
(4) Chinese spelling for the sample name ； and 
(5) molecular weight. 
\ 
(i 
We define the following as the characteristic data of the regression line of the 
spectral representative: 
(1) intercept ofthe regression line (a)； 
(2) standard error of estimate (Se)； 
(3) correlation coefficient ( r )； 
(4) slope of the regression line (b) ； and 
(5) standard error of the slope Sb . 
7.2.4 IR data acquisition 
We have developed two methods for the Dl data acquisition in the system . 
(1) JR data acquisition by communication ； and 
(2) JK data acquisition obtained from instruments . 
7.2.4.1 m Data Acquisition by Communication 
The communication software and definitive parameters are the same as described 
in Section 2.2.3.1-B • The conversion and saving of ASCII or JCAMP-DX are the same as 
described in Section 2.2.3.1-C . 
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As A 500.00 , A 600.00 , A 700 .00，A 8oo.oo , A 900.00 and A 1 0 0 0 . 0， t h e spectrometer 
may not give directly , and they may be obtained by linear interpolation . For example , A 
500.00 is obtained by the following procedures : 
(1) Using wave i < 500.00 , find the left coordination of A 500.00 . 
Let the coordinate be (wave a ’ Abs a)； 
(2) Using wave i > 500.00 , find the right coordination of A 500.00 • 
Let the coordinate be (wave b ’ Abs b)； 
(3) Thus ’ A 500.00 is obtained by following equation . 
(wave.-500.00) , , , , , � , , ,r 
A 500.00 = 7 {x{Abs^-Abs,)+Abs, (Eq.7.19) 
{wave^ - wave^) 
7.2.4.2 IR data acquisition obtained from the instruments 
tfthe instrument does not have the communication function，or if the instrument 
i 
！ is not connected to a computer，the JK data acquisition can be obtained from the 
instrument and then the JK data are entered into the coding system by keyboard . 
7.3 Library search system for lR spectra with no apparent 
absorption peaks 
7.3.1 Principle 
7.3.1.1 Confidence interval around b 
A confidence interval around b quantifies the uncertainty associated with the slope. 
The appropriate value from the t-test with n-2 degrees of freedom can be used to obtain a 
confidence interval for the slope [6]: 
Confidence interval around b = b 士 to^dfxSb = b 土 to^ n-2 xSb (Eq.7.20a) 
Instead of Sb with Eq.7.16 ’ Eq.7.20a is rewritten as : 
;^  
I Confidence interval around b = b 土 to^„-2 x2.2797xSe (Eq.7.20b) 
! 







A confidence interval around the intercept, a , quantifies the uncertainty associated 
with the intercept . The appropriate value from the t-test with n-2 degrees of freedom can 
be used to obtain a confidence interval for the intercept : 
Confidence interval around a = a 土 ta,df xSa = a 士 ta，n-2 xSa (Eq.7.21a) 
Listead of 8» with Eq.7.18，Eq.7.21a is rewritten as : 
Confidence interval around a = a 士 ta，df xSa = a 士 to^ n-2 x6.5837xSe (Eq.7.21b) 
7.3.2 Definition of matching of IR spectra with no apparent absorption 
peaks 
i 
丨 If ax and bx are the intercept and slope of an unknown with no apparent 
absorption peaks , their confidence intervals are as follows based on Eq.7.20b and 
Eq.7.21b : 
j 
Confidence interval around bx = bx 土 to^ n-2 xSbx= b 士 to^ n-2 x2.2797xSe O^q.7.22) 
Confidence interval around Ex = a^ 士 to^ n-2 xSax =a 土 to^ n-2 x6.5837xSe (Eq.7.23) 
Let ar and br be the intercept and slope of the corresponding reference 
collected in the database ofCMD's with no apparent absorption peaks，and if the ^ and 
br simultaneously satisfy the following logical judgment , then the JR spectra of the 
unknown is defined as matching that of the reference in the database : 
ar<ax + ta,n-2 x6 .5837xSex AND a,> Sax - tcc,n-2 x6 .5837xSex AND 
br< bx + ta,n-2 X 2.2797xSex A N D 3.> Sbx - to,n-2 x2 .2797xSex (Eq.7.25) 
7.4 Experimental 
i 
7.4.1 Instrumentation and apparatus 
An ¥TJK spectrometer model Nicolet 205 with a DTGS ff)euterated Triglycine 
Sulfate ) detector was used for measuring the spectra . 
The Wig-L-Bug amalgamator used was the same as described in Section 5 .31 . 
7.4.2 Reagents 
. 140 
Potassium bromide used was of spectroscopic-reagent grade . All other reagents 
used were of analytical-reagent grade . 
7.4.3 Computer programs 
A specific sub-program was written for coding the JK spectra of CMD's with no 
apparent absorption peaks . A computer program was developed to deal with the 
searching problems，and was written by ourselves in Quattro Pro software ( version 4.0 
) . J K data of the CMD and reference are obtained by communication . The library search 
system software including the database of the Chinese mineral drugs with no apparent 
peaks was about 167,036 Bytes . 
7.4.4 The collection of Specimens 
； 
Some CMD the TK spectra of which show no apparent absorption peaks were 
j coUected from different places . For the same species of CMD ’ a number of batches 
were collected . The sources of the CMD were same as described in Section 5.3.4 , 
7.4.5 Procedure 
The measurement of spectra was the same as described in Section 5.3.5 • 
The procedure for grinding the mineral samples or reference compounds was the 
same as described in Section 5.3.6 . 
The procedure for mixing KBr with the mineral samples or the reference 
compounds was the same as described in Section 5.3.7 . 
Preparing KBr pressed-peUet was the same as described in Section 5.3.8 . 
7.4.6 Library searches of the IR database of CMD with no apparent 
absorption peaks 
Experiments were designed to evaluate the performance of the proposed library 




7.5 Results and discussion 
7.5.1 Building the database of CMD's and their corresponding 
reference compounds 
Besides the JK spectra of some CMD's with no apparent absorption peaks and 
their corresponding reference compounds，those of two other compounds，namely, 
cuprous sulfide and ferrous sulfide and four metals , namely, copper，magnesium , 
silver and titanium, which also show no apparent absorption peaks are also included to 
test the discrimination ability of the proposed method . 
j After obtaining the coding files of CMD's and corresponding reference 
\ 
compounds . The disk file ofthe database of CMD was built using the same procedures 
described in Section 4.4.4 , and Table 7.1 is a very brief form of the database of some 
CMD with no apparent absorption peaks . 
Table 7.1 A very briefform of the database of CMD with no apparent absorption peaks 
Disk Name** T " " ] ~ S e “ r ~ " ^ b | ~ " s T 
name* 
M01Q1 ^ a l g a r , As2S2(Ml) -74.82 ^ 5 0.9973 31.95 0.58— 
M0103 Realgar , As2S2(M2) -91.70 0.28 0.9977 37.85 0.64 
M0103A Realgar , As2S2(M3) -75.34 0.25 0.9975 32.13 0.57 
M0104 Realgar ,八幻�0^14) -112.1 0.53 0.9942 44.98 1.22 
M0106 Realgar , As2S^M5) -91.28 0.39 0.9954 37.70 0.91 
M0311 Fluorite , CaF2(Ml) 140.43 0.94 0.9805 -43.23 2.2 
M0324 Fluorite , CaF2(M2) 135.39 0.97 0.9776 -41.47 2.2 
M0901 Calomel , Hg2Cl2(Ml) -25.28 0.30 0.9826 14.65 0.69 
M0903— Calomel , HfoCb(M2) -22.35 0.40 0.9658 13.63 0.91 
M0903A Calomel , HfoCl;(M3) -23.31 0.072 0.9989 13.96 0.17 
M1103A Cimiabar, HgS(Ml) -64.66 0.31 0.9951 28.40 0.70 
Ml 103B Cinnabar, HgS(M2) -55.34 0.24 0.9961 25.15 0.56 
j M1103C Cinnabar, HgS(M3) -58.29 0 .40^ 0.9902 "26.18 0.92 
Ml 105 Cinnabar, HgS(M4) -60.65 0.29 0.9953 27.00 0.66 
Ml 106 Cinnabar, HgS(M5) -66.56 0.35 0.9941 29.07 0.79 
Ml 107 Cinnabar, HgS(M6) -63.50 0.29 0.9956 28.00 0.66 
M1603A Sutfur, SQV11) -31.91 0.031 0.9999 16.97 0.072 
M1604 Sulfur, S(M2) -36.49 0.37 0.9833 18.57 0.86 
M1606 Sulfur, SQV13) -39.75 0.26 0.9929 19.70 0.59 
M1608 Sulfur, S(M4) -35.45 0.51 0.9678 18.20 1.2 
R01 Arsenic Disulfide, As2S2(R) -97.77 1.4 0.9517 39.97 3.2 “ 
R03 CalciumFlu0ride,CaF2(R) 225.3 3.0 0.9346 -72.88 6.9 
. 142 
R09 Mercurous -132.5"““ 0.48~~ 0.9964 52.10 1.1 
Chloride,Hg2Cl2(R) 
Rl l ~ Mercuric Sulfide, HgS(R) -215.8~ 1.7 1.9821 8 1 . 2厂 3 . 9 
R16 Sulfur, S(R) -48.45 X s O 0.9929 一 22.74 ~ 0 6 ^ ~ 
R37 Cuprous Sulfide, Cu2S(R) -3.101 “ 0.12 ^ 8 7 4 6 . 9 0 4 _ 0 . 2 8 
R41 ~ Ferrous Sulfide, FeS(R) -13.02 0.068 0.9982 10.37 0.16 
R42 Copper, Cu(R) 32.47 ' o W ~ 0.9730 -5.520 T s T " 
^ R43 Titanium, Ti(R) 38.54 ~ 0 0 8 ^ 0.9947 -7.638"“^020~ 
R44 Silver，Ag(R) 45.15 ~020~~ 0.9831 -9.948 ^ 4 ^ 
R45 Magnesium, Mg(R) 60.45 0.36 0.9777 -15.29 0.82 
* M for CMD and R for reference compound 
** Formula of the major component for the mineral drug is also given and the number in 
parenthesis indicates drug from different sources . 
Same representative IR spectra of the CMD and the reference compounds 
collected are shown from Figure 7.1 to Figure 7.5 . 
7.5.2 Selection of the regressive expression 
In order to select the best regression equations the following three equations 
were examined , and the results are shown in Table 7.2 . 
NFi% = bix wave.i + ai (1) 
NFi% = b2x log(wave.i) + a2 (2) 
logOSTFi%) = b3x wave.i + a3 (3) 
Table 7.2 Corre ation coefficient ’ slope , and intercept for the regression equations 1-3 
Disk ri ai bi r2 a? ^ [] ^ b3 
" M O I o I ~ 0.9991 2 .248 1 . 9 2 3 E - 0 2 0.9973 -74.82 3 1 . 9 5 0.9928 0.8262 5 .158E~04 
M01Q3 0.9991 " ^ 0 4 0 5 8 ~ 2 . 2 7 6 E - 0 2 0.9977 一 - 9 1 . 7 0 3 7 . 8 5 _ 0.9894 0.7454 6 . 1 8 4 E - 0 4 
M 0 1 0 3 A " ^ 9 ^ 2 . 1 9 8 一 1 .929E-02 0.9975 - 7 5 . 3 4 3 2 . 1 3 0.9879 0.8228 5.200E-04 
M 0 1 0 4 "0.9994 -3 .701 2 . 7 1 6 E - 0 2 0.9942 - 1 1 2 . 1 44.98 0.9907 0.6464 7 .431E-Q4 
M 0 1 0 6 "0.999Q ~ ^ o J 7 6 d ~ 2.272E-Q2 0.9954 - 9 1 . 2 8 37 .70 0 . 9 9 1 4 _ 0.7486 6 . 1 4 3 E - 0 4 
M 0 3 1 1 0 .9575 U I s - 2 . 5 3 5 E - 0 2 — 0.9805 140.4 4 3 . 2 3 — 0.9798 1 .691 -6.454E-04 
i MQ324 T 9 5 T F 34.85 — - 2 . 4 2 5 E ^ 2 0.9776 1 3 5 . 4 4 1 . 4 7 0.9780 1 .667 ^ . 1 2 3 E - Q 4 
~ M d m ~ 0 . 9 8 0 2 " 10.08 " l 7 7 6 E - 0 3 " o . 9 8 2 6 -25 .28 14.65 0 .9732 1.046 2.316E-Q4 
M0903 " 0 . 9 4 3 2 10.67 — 7 . 9 9 3 E - Q 3 ~ 0.9658 - 2 2 . 3 5 1 3 . 6 3 0.9276 1 .059 2.145E-Q4 
i ; ; i 9 0 ^ 0.9903 10.43 T 3 1 4 E 4 ) 3 0 . 9 ^ - 2 3 . 3 1 13 .96 0.9843 1 .055 2 . 1 9 9 E - 0 4 
i ; ; n T 0 3 A ^ 0.9984 3.829 1 . 7 1 2 E 4 ) 2 “ 0.9951 ^ 4 . 6 6 28.40 0.9943 0 .8733 4 . 5 5 5 E 4 ) 4 
N 0 1 0 3 g _ ^ . 9 9 8 8 5.308 T 5 1 5 E - 0 2 0.9961 - 5 5 . 3 4 ‘ 2 5 . 1 5 0.9949 0 . 9 1 5 2 4.016E-Q4 
M 1 1 0 3 C O . 9 9 5 r " 4 . 8 1 4 1 .580E-02 ‘ 0.9902 -58.29 2 6 . 1 8 0.9930 0.9023 4 . 1 8 2 E 4 ) 4 
i ; Z n ^ ~ 0.9969 4.483 1.624E-02 0.9953 "^0.65 27.00— 0.9917 0.8911 T326E-Q4 
H d U ^ ~ 0 . 9 9 8 ^ " 3 . 5 1 6 1 . 7 5 3 E - 0 2 ‘ 0.9941 ^ 6 . 5 6 2 9 . 0 7 — 0.9950 0.8649 T 6 6 3 E - 0 4 
1 ^ 1 0 7 T 9 9 ^ 4.009 1 . 6 8 8 E ^ 2 0.9956 ^ 3 . 5 0 "^8 .00 0 . 9 9 ^ 0.8786 “ 4.487E-Q4 
M 1 6 0 3 A 1 ) . 9 9 3 9 T o ^ 1 . 0 1 3 E - 0 ~ 0.9999 - 3 1 . 9 1 " T 6 ^ 9 7 ~ 0.9878 1 . 0 1 8 ~ 6 8 4 E - 0 4 
] M T 6 0 4 ^ _ 0 j 8 ^ j j 7 5 1 . 1 1 9 E - 0 2 0.9833 -36.49 1 8 . 5 7 0.9842 T 9 9 8 T " 2 . 9 4 4 E - 0 ^ 
M 1 6 0 6 " 0 . 9 7 6 1 7 .941 1 . 1 6 3 E 4 ) 2 0 . 9 9 2 ^ " -39 .75 19.70 0.9633 0.9834 “ 3 . 134E-Q4 
^ ^ 1 6 0 8 0 ^ 9 6 ^ 8 . 5 1 3 1 . 0 8 7 E ^ 2 0.9678 - 3 5 . 4 5 1 8 . 2 0 _ 0.9495 1 .001 T s 9 9 E - 0 4 
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Figure 7.1 The representative spectra with no apparent absorption peak 
A is for Realgar . B is for Fluorite . C is for Calomel . 
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Figure 7.2 The representative spectra with no apparent absorption peak 
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j Figure 7.3 The representative spectra with no apparent absorption peak 
i A is for Calcium Fluoride. B is for Mercurous Chloride. C is for Mercuric Sulfide . 
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Figure 7.4 The representative spectra with no apparent absorption peak 



























































































































































































































































































































































































































































































































































































R03 0.8969 48.17 4.201E~02 0.9346 225.3 -72.88 0.9605 1.950 -1.027E-03 
R09 — 0.9973 "-6.826 3.132E-02 Q . 9 9 ^ -132.5 52.10 T ^ 9 ^ W 0.5324 8.852E4)4 
Rl l 一 0.9957 _-20.41 4.944E-02 0.982T -215.8 81.20 T9851 0.0435 1.481E-03 
R16 — 0.9886 6.466 "l.360E-02 “ 0.9929 48.45 22.74 ~ 0.9796 "0.9450 T631E-04 
R37 0.9855 “ 13.56 ~139E4)3 T9874 -3.101— 6.904 _0.9837 1 . 1 4 ~ 1.083E-0T" 
R41 — 0.9882 12.04 T"l64E~Q3 T9982 -13.02— 10.37 _0.9835 1.099 1.624E-04^ 
R42 0.9784 "21.13 -5.946E-03 0.983T 45.15 -9.948 " o F i W 1.337 -1.544E4M 
R43 0.9539 19.10 -3.250E^3 0.9730 32.47 ‘ -5.520 T 9 5 ^ 1.285 -8.416E-05 
R44 0.9897 2 0 . 0 9 ~ ^.564E4)3 0.994?" 38.54 -7.638 0.9911 1.310 "-1.186E4)4 
R45 — 0.9570 | 23.41 -8.991E~03 飞.9111 60.45 -15.29 0.9618 1.393 -2.306E-04^ 
Mean n 0,9808 0.9861 0.9792 
Min. rt 0.8969 0.9346 0.9276 
S.a rj 0.024 0.015 0.016 
Mean n means the average values of the correlation coefficients in equation 1 , equation 
2 and equation 3 ； 
Min. Ti means the minimum value of the correlation coefficients in equation 1 , equation 2 
and equation 3 ； 
S.D. r； means the standard deviations of the correlation coefficients in equation 1， 
equation 2 and equation 3 ； 
The correlation coefficient measures the strength of the linear relationship 
between two variables [7]. The results in table 7.2 show that，all the correlation 
coefficients are all close to 1 , and a strong linear relationship is indicated . The critical 
value from the statistical table on tests for a significant correlation is 0.468 (a =0.05 , df 
=n-2 = 16) or is 0.590 (a = 0.01, d f= 16) [8] • Because the minimum r of all values in 
these results is 0.8969，and is greater than the critical value of 0.486 or 0.590，it can be 
concluded that all three regression line are acceptable . Comparing the average , minimum 
and standard deviations ofthe correlation coefficient values among the three equations , 
the second expression，NFi% = b2x log(wave.i) + a2，was selected as the final regression 
equation. 
7.5.3 Evaluation of the performance of the library search of the 
specimen database of CMD 
In order to observe the effects of significance levels on the matching of the JK 
spectra with no apparent absorption peaks , three different levels were taken in the 
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library search of the database of CMD . The matching results are shown in Tables 7.3， 
7.4 and 7.5 taken with a = 0.1 , 0.05 ,and 0.01 , respectively . 
Results in Tables 7.3 , 7.4 and 7.5 show that，the proposed method can 
correctly match the unknowns themselves or the same type of compound and distinguish 
them from different types of CMD . When the significance levels were taken as 0.1 , 0.05 
and 0.01 , the number of correct search are 60, 66, and 75 respectively . 
Another interested point to note is that except for As2S2 the spectral features for 
the CMD and their corresponding reference compounds are statistically different , 
indicating that although the major components for the CMD are the same as the 
corresponding references , the drugs do contain some minor or trace components which 
make the spectra features different. Hence，the reference for CMD should be an authentic 
sample ofthe respective drug itself and the pure chemical compound should not be used as 
reference . Results in Table 7.5 shown that for the unknown As2S2(M5), the reference 
As2S2(R) was also retrieved at the significance level of 0.01 . This is undesirable as 
mentioned before the CMD of As2S2 has different spectra features from the reference 
compound As2S2(R) at the significance level of 0.05 . On the other hand ’ no mistake was 
made for the identification ofAs2S2(M5) (see Table 7.4) Similarly , correct retrieval can 
also be made at the significance level of 0.1 . The significance level of 0.05 is preferred 
and selected for the proposed method as it is less restrictive and will not excludes target 
samples that should be included . 
When As2S2(R) was used as an unknown at all three significance levels，mineral 
drugs, As2S2OVO) , A s 2 � _ ) and As2S2(M5) were also retrieved , The reason for the 
wrong retrieval in theses cases is possibly due to the fact that Se ofAs2S2(R) is larger than 
Se of all As2S2 mineral drugs . 
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Table 7.3 The results of matching JK spectra with no apparent absorption peaks when 
significance level was 0.1 
Unknown Target 1 Target 2 Target 3 ~ " Target 4 
As2S2avll) As2S2avH) As2S2(M3) 
As2S2avi2) A s 2 & _ "As2S2avi5) 
As2S2CM3) As2S2_ ""Xs2S2qvn) 
As2S2OVi4) As2S2as44) , 
As2S2OVi5) As2S2O^) As2S2aVi2) 
CaFzOvll) CaF2OVll) CaF2OVK) — 
CaF2O^) CaF2aVi2) “ CaFzO l^) 
HfoCl2_ Hg2Cl2_ Hg2Cl2_ _ Hg2Cl2OV[3) 
Hg.Cl9lM2) Hg2Cl2_) HfeCl2_) Hg2Cl2_) 
Hg2Cl2_) Hg2Cl2OVi3) 
HgSq^l) HgSQVll) HgSQ^5) HgSQM6) 
HgSQVI2) HgSQV12) 
HgSQV13) HgSQV13) HgSQV12) UgSQA4) 
HgSQvI4) H g S _ ) HgSqvI3) HgSQVi6) 
HgSqV15) HgSQV15) H g S _ ) UgS(M6) 
HgSQV16) HgSQV16) HgSQVIl) HgSqV14) HgSQVI5) 
SQV11) SQV11) 
SqVO) SQA2) S _ ) SQV14) 
scM3) sqvi3) 
S _ ) SQV14) S _ ) SqVO) SQVl3) 
As2S2TO As2S2(R) As2S2OVO) As2S2QV14) As2S2OVi5) 
CaF2ai) CaF2(R) 
Hg2Cl2W Hg2CI2TO 
‘ HgS(R) HgSqi) 




TiQR) ;ng ) 












Table 7.4 The results of matching JK spectra with no apparent absorption peaks when 
significance level was 0.05 
Unknown Target 1 Target 2 Target 3 Target 4 — 
As&gs41) As2S2OVH) As2S2OVi3) 
As2S2Os42) As2S2avi2) As2S2QA5) _ 
As2S2OvO) As2S2avi3) As2S2avH) “ 一 
As2S2OVi4) As2S2QV14) 
As2S2Q45) As2S2OM5) As2S2avO) “ 
CaFzO^l) TaF2OVll) 一 CaF2QV12) 
CaF2OVO) CaF2QV12) CaF2OVH) 
HfcCi2_ mchm) "Hg2Ci2gvi2) — Hg2Ci2_ 
Hg2Cl2gV12) H g 2 a 2 _ ) Hg2Cl2OVH) H f c C l 2 _ ) 
Hg2cl20v[3) H g 2 c l 2 0 ^ ) Hg2cl20vo) — 
HgSQVll) HgSQVll) HgSQV14) HgSq^5) H g S _ ) 
HgSQ^) HgSQvt2) HgS(M3) 
HgSQV13) HgSq^3) HgSQV12) HgSQV14) HgSQV16) ‘ 
HgSqVI4) H g S _ ) HgSQVf3) H g S _ ) 
HgSQVI5) HgSQV15) HgSQ^l) HgSQV16) 
HgSQV16) HgS(M6) HgSQVll) H g S _ HgSQV15) 
SQVtl) S _ ) 
SQvl2) SCM2) S _ S(M3) S _ 
S _ S _ _ S _ 
S _ ) S _ ) SQVI1) Sqv42) SQs43) 
As2S2TO As2S2TO As2!S2_) As2S2OVi4) As2S2OVi5) 
CaF2(R) CaF2TO 




FeSgi) FeSgi) 一 
CuROl) CuROl) 










Table 7.5 The results of matching JK spectra with no apparent absorption peaks when 
significance level was 0.01 
Unknown Target 1 Target 2 Target 3 Target 4 Target 5 Target 6 
As2S2OVll) As2S2OVll) As2S2QV13) 
As2S2OVi2) As2S2OV[2) As2S2_ “ “ _ - -
As2S2avi3) As2S2O^) As2S2_ — 
As2S20V14) As2S2a^4) 
AszSzQVIS) “ As2SzCM5) As2S2O^)~ As2S2TO 
C a F 2 _ C a F 2 _ C a F 2 _ _ “ 
CaF2QVt2) CaF2CM2) CaF2OVll) ‘ 
Hg2Cl2OVll) Hg2Cl2OV[l) Hg2Cl2OVi2) Hg2Cl2QVI3r — — 
HfeCl2_) Hg2Cl2OVO) Hg2Cl2OVll) Hg2Cl2OVi3) 
Hg2Cl2a^3) Hg2Cl2_) Hg2Cl2_) 
HgSQVIl) HgSCMl) H g S _ ) HgSQM5) HgSQV16) 
HgSQV12) HgSaV£Z) HgSQV13) 
HgS043) HgSQvi3) HgSqvll) HgSCM2) 一 HgS(M4) ~ HgSQ46) 
Hgsqvi4) HgSqVL4) HgSqvil) HgSqV42) Hgsqvi3) Hgsqvi6) 
HgS(M5) HgSQV15) HgSQVIl) H g S _ ) HgSqvl6) 
HgSCM6) HgSQV16) HgSQVLl) HgSQVD) HgSQVI4) HgSq^5) 
Sq^l) SQVI1) 
s _ s _ - S _ 一 S _ S _ 
SCM3) - Sq^3) 一 SQA2) S _ ) 
s _ s _ - S _ 一 S _ S _ 
As2S2ai) As2S2ai) As2S2OVll) As2S2CM2) AS2&(M3) As2S2Ovi4) As2S2CM5) 
CaF2TO CaF2TO — 
Hg2Cl2TO Hg2Cl2ai) 一 
HgSTO HgS(R) 
S _ ) SQV14) 
Cu2Sm Cu2Sro 一 
FeSCR) FeSgt) 
CuR(R) - CuRCR) 
I rm) “ TiCR) — 
A _ T _ 
MgCR) Mgffl) 
7.6 Conclusion 
A new coding and library search system for the computer-assisted identification 
of JK spectra with no apparent absorption peaks is proposed .A regressive expression is 
obtained . It is proposed that both the intercept (a) and slope 0>) of the regression line of 
NFi% on log(wave) can be considered as the spectral features of the ER spectra with no 
apparent absorption peaks . Using t-test and specifying both confidence intervals around 
intercept and slope，we define the logical judgments for matching JK spectra with no 
一 1 4 8 
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apparent absorption peaks . Through the performance test for the library search for some 
CMD ’ it was found that the significance level of 0.05 gives better results for the 
identification of CMD than those at 0.01，and was thus selected . 
With the proposed new approach , the ability of identifying CMD by JK 




CONCLUSION TO PART I 
A new approach to identification of pharmaceuticals , Chinese mineral drugs and 
Chinese herbal drugs by computer-assisted IR spectrometry has been described in detail in 
the preceding chapters . A new coding and the library search systems were proposed for 
this purpose . 
In the coding system，the effective peaks in JR spectra are defined . Through the 
procedure ofpicking effective peaks, raw spectral data are converted into a suitable form 
for identification . During the coding procedure , instead of using intensity of effective 
peak , normalization factor is defined as the ratio of the absorbance of the effective peak 
to the sum of absorbances of all the effective peaks . The average value of three 
measurements is used for coding the spectral file rather than any of the individual results 
A new library search system is constructed and t-test is used to judge the 
difference between two spectra . Similarity is objectively defined as a membership 
function . The strategies of identical，similar and forward and the proposed modified 
reverse searches are used for constructing the system . 
The proposed coding system was successfully applied to build JR databases for 
pharmaceuticals，Chinese herbal drugs，and Chinese mineral drugs with and without 
apparent absorption peaks . With the coding system , zero order JK spectra were used 
except for the Chinese herbal drugs，where it is necessary to use the first derivative 
spectra for successful coding • 
For R spectra with no apparent absorption peaks , a new approach to coding and 
library search system is proposed and have been used for identification of the Chinese 
mineral drug . 
With the menu-driven software，it becomes possible to code and search JK 
spectra for research chemists in their own laboratories . The research chemists can build a 
proprietary Ubrary ofspecific products for his/her search project . 
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The new approach makes the identification of Chinese mineral and herbal drugs 
by computer-assisted IK spectrometry，which makes possible a more systematic quality 
control of Chinese mineral and herbal drugs . 
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PART II CHAPTER 1 
INTRODUCTION 
1.1 Overview 
IR spectrometry can be applied to the quantitative analysis of organic and 
inorganic specimens in all three states of matter . FTIR technology has led to a renewed 
interest in the use of ER spectroscopy as a quantitative analysis tool [1] . FTIR 
spectroscopy expanded the scope of quantitative IR spectroscopy , not only because of its 
attendant computing power , but because it is based on interferometry which has a 
number of advantages : (1) Fellegett advantage , which is related to the fact that an FTIR 
measures all of the resolution elements for a spectrum at the same time and reduces scan 
time significantly，and can co-add spectra leading to improved signal-to-noise and good 
quality spectra ； (2) Jacquinot advantage , which is related to the fact the IR energy 
reaching the detector is much greater for an FTIR than that for a dispersive ni , that 
arises from the absence of spectral slit in the interferometry . In general , the energy 
throughput is 80 to 200 times greater than for a dispersion instrument depending on the 
resolution [2].The Connes advantage is found for certain instruments which uses a laser 
to monitor the position of the moving mirror in the interferometer . This does not give an 
improvement in signal-to-noise ration over dispersive spectrometer , but does give a large 
advantage in terms of frequency accuracy of the measured spectra . 
In order to obtain accurate and precise results ’ several quantitative IR methods 
based on derivative spectrometries have been proposed. The present study constitutes a 
part of these continuing efforts . 
In order to put these developments into perspective and to provide a framework of 
reference for discussions, some of these methods are briefly reviewed in this section . 
1.2 Quantitative methods of IR spectrometry 
1.2.1 The relationship between infrared radiation reaching the detector 
and sample concentration : The Beer's law 
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Since all absorption spectrometric methods record the relative light intensity 
reaching the detector through the sample，a relationship between the radiation reaching 
the detector and the concentration of the component is necessary before a quantitative 
analysis can be performed . The fundamental equation is the Beer's law，which governs 
the relationship between the intensities of the incident and transmitted radiation and the 
concentration . The Beer's law is expressed as [3] 
Log Io/1 = Log 1/T = A = abc ^ q . l . l ) 
where Io and I are the intensities of incident and transmitted radiations，T，the 
transmittance，A，the absorbance，a , the absorption coefficient，b，the cell thickness， 
and c，the concentration of the component. The Beer's law indicates that the absorbance 
is proportional to the concentration of the component. 
For multicomponent analysis [4]， if intermolecular interactions between 
compounds can be excluded over the entire interesting concentration range，the 
absorbance，Ai at any given wavenumber equals the sum of the absorbances of all 
constituents of the sample : 
Ai= ^ aijbcj (Eq.l.la) 
M 
where aij is the absorption coefficient of the componentj at wavenumber Vi，and cj，the 
concentration of the componentj . 
1.2.1.1 Calibration methods based on peak heights 
The treatment of calibration based on peak heights can be divided into two cases 
，namely，without and with baselines [4]. 
Li the case calibration without baseline, the peak heights equal the peak 
absorbances in Eq.1.1 or Eq.l.la，as the actual zero absorbance is the same as the zero 
absorbance of the instrument • There are some applications where the best result can be 
obtained by calibration based on peak heights without baseline [4]. 
t i quantitative analysis，the calibration with a baseline is the most commonly 
used technique for obtaining an absorbance proportional to the concentration of 
component to be analysed [5] , and the method consists simply of drawing an arbitrarily 
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chosen line to represent the base line of the absorption band • Here it is assumed [6] that 
the analytical band is superimposed on a constant background and its maximum intensity 
is determined with respect to a newly defined scale，in which zero absorbance is located 
at the intercept of the straight line constructed perpendicularly from the analytical band • 
The baseline method has the advantage that it generally overcomes scattering and 
reflection losses and also background absorption • Another advantage ofthe method [7] 
is that with multicomponent systems , the analysis does not have to be carried out for 
each component separately even in the case when the band used for the determination is 
overlapped to a certain degree by other bands . 
1.2.1.2 Calibration methods based on peak areas 
Li this method，the area under the band envelope is taken as a measure of the 
concentration of the substance • Li general，a peak area evaluation represents a 
summation of all absorbance values over the wavenumber range . The integrated intensity 
,A is defined as 
Vi 
A= bc a^dv ^)q.l.2) 
»^1 
where vi and v2 are the upper and lower wavenumber limits of the band • 
The baseline method camot be used for mixtures containing components which 
give rise to broad or asymmetric absorption bands • ln such cases，it becomes very 
difficult to find out the exact baseline and the area method will have to be employed [8 • 
Further , absorbance measurements should be taken exactly for the band maximum . 
Even small errors in the reproducibility of the wavenumber setting causes considerable 
variations of the absorbance . In order to avoid the errors of the fluctuations due to the 
spectrometer，it has already been pointed out that evaluation should be based on the 
integrated absorbance of a band rather than on the absorbance at a single wavelength [4] • 
1.2.1.3 Calibration methods based on ratio method 
There are two types of the ratio methods . For convenience，the methods are 
arbitrarily denoted as ratio method A [9] and B [10]. 
L2.1.3-A Ratio methodA 
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For binary components，it is assumed that there is a suitable band for each 
component，which is not overlapped by another component in the JK spectra . The 
absorbances Ai and A2，at two wavenumber vi and v2 can be expressed by Eq. 1.3a and 
1.3b. 
Ai = aibiCi (Eq.l.3a) 
A2 = a2b2C2 (Eq.l.3b) 
because Ai and A2 are measured in the same thickness，bi = b2 • 
Li the ratio method A，a ratio，R is defined as in Eq. 1.4， 
_ A. a�b�c� c, 
R = ^ = - ^ = K l (Eq.l.4) 
v^ 2 2 2^2 ^2 
Because for a binary mixture， ci +c2 = 1，then ci and c2 are obtained by 
Eq.l.5a and 1.5b，respectively. 
R 
c , J 7 ^ (Eq.l.5a) 
K 
C 2 = 7 7 ^ ^ . 1 . 5 b ) 
1.2.L3-B Ratio method B (for partial overlayyins syectra) 
For binary components，it is assumed that there is a suitable band for one 
component，which is not overlapped by another component in the JR spectra at the 
wavenumber vi. At the same time，the two bands of the two components overlap at the 
wavenumber v2 . The absorbances Ai and A2，at two wavenumber vi and v2 can be 
expressed by Eq.l.6a and 1.6b . 
Ai = aibci (Eq. 1.6a) 
A2 = a21bc1 +a22bc2 OEq. 1.6b) 
For the very similar compounds，a2i = a22 = ^ . For a binary mixture，ci +c2 = 1 • 
Based on these，Eq. 1.6b is converted into Eq. 1.6c . 
A2 = a21bc1 +a22bc2 = a2b2(c1+c2) = a2b (Eq. 1.6c) 
Li the ratio method B , a ratio，R is defmed as shown in Eq. 1.7 . 
A aJy Ci R = ^ = -^^=Kc, (EqAJ) A2 ci2b 
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It was reported that because the errors exist in the repeated trials , the absorption values 
of Ai and A2 may fluctuate but the ratio R is relatively stable . It is confirmed that the 
ratio method can eliminate the error of measurement to a certain degree . 
However , there are inherent restrictions in the applications of two methods . For 
ratio method A , there should be regions in the binary spectrum for which each component 
peak is not interfered by the peak of another component . For ratio method B , the 
assumption of a21 = a22 can only be used for the binary mixture with very similar 
structures. 
1.2.1.4 Calibration methods based on standard additional method 
In order to minimize matrix effect, the standards used for calibration should have 
approximately the same composition as the unknown sample [9] . The standard addition 
method involves adding different increments of a standard solution containing the analyte 
to aliquots ofthe same size of the sample . Each solution is then diluted to a fixed volume 
before measuring the absorbance values . If the Beer's law applies , the absorbances of the 
solutions , A , is shown in Eq. 1.8a . 
h ( f ^ ) + ( — ) (Eq.l.8a) 
v^ . � 
where , Vx is the volume of the identical aliquots of the sample with the unknown 
concentration c^  , v^  , the variable volumes of the standards added with known 
concentration Cs , and v^  , the final volume of sample . Plotting the different values of A 
versus the added standard v, yields a straight line 
i.e., A=a+ pVs (Eq.l.8b) 
The equation of the straight line can be derived by least squares analysis . The slope and 
the intercept ofthe line gives the unknown concentration ； 
Cx = otc"pVx (Eql.9) 
An advantage of this method is the option of including even small absorbance 
values in the range of minimum error . The method is therefore well suited to the 
determination of small quantities of unknowns . 
156 
1.2.1.5 Calibration methods based on internal standards 
An elegant method of quantitative analysis is to use an internal standard [8] . The 
intemal standard method is employed mostly in the case ofsolid samples . 
Based on the Beer's law，the absorbance of the analyte，As，at the wavenumber 
vs and the absorbance ofthe intemal standard，AR，at the wavenumber VR are given by 
Eq. 1.1 Oa and 1.1 Ob , respectively [4:. 
As = asbCs (Eq.l.lOa) 
AR = aRbcR CEq.l.lOb) 
Since the intemal standard has been placed in the same pellet，film or mull in 
known amount with the analyte，the ratio of the two absorbances yields Eq. 1 • 11 a • 
^o QabCa 
^ = - ^ r ^ (Eq.l.lla) 
^R ^RbCR 
The values of as and aR are the absorptivities of the analyte and the intemal 
standard respectively . The concentration of the intemal standards，CR is known from the 
preparation of the matrix material • The value of b，the path length，is constant for the 
particular sample • Since all values except cs are known，they can be summed up in a 
constant，K • Therefore Eq. 1 • 11 a can be expressed simple as shown in Eq. 1.11 b . 
t = [ & ] C s = R ( E q . l . l l b ) 
The concentration of the analyte cs can then be determined by the working curve . 
The criteria of selecting an intemal standard were proposed [3,7,11-13] . A good 
intemal standard should possess the following characteristics : 
(1) its spectrum should not cause the absorption interfering with the analytical bands ； 
(2) it must not be hygroscopic ； 
(3) its spectrum is simple and has only a few of sharp peaks ； 
(4) it must be available in pure form ； 
(5) it should not react with the sample ； 
(6) its spectrum has a strong absorption band convenient to the spectral regions of 
interest ； 
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(7) it should be easily weighable and mullable with the sample ； 
(8) it should be stable to heat ； 
(9) it must be capable ofbeing reduced in particle size ； 
(10) if pressed，it must form a clear pellet ； and 
(11) it is not a toxic compound . 
It is clear that the principle of internal standard is a reasonable but it is very 
difficult to look for an ideal internal standard • Branes et al. [11] developed the internal 
standard method in Nujol mulls and chose dl-alanine as the internal standard . Latter 
calcium carbonate was selected as another internal standard by Kuentzel [14] • Up to now 
，potassium thiocyanate (KSCN)，lead thiocyanate [Pb(CN)2]，potassium ferriccyanide 
:K3Fe(CN)6] ,potassium carbonate (K2CO3), sodium azide( NaN3)，naphthalene (CioHg) 
and hexabromobenzene(C6Br6) were selected as the internal standards [7,12-13]. 
Numerous difficulties are encountered in obtaining reproducible spectra from 
solid samples • Li these cases，films，mulls，or pressed disks must be used . Theses 
methods have the undesirable characteristic that the path length cannot be easily or 
accurately measured • Quantitative analysis on a relative basis is still possible by the 
internal method • To obtain relative values for comparison purposes ，an internal 
standard of known concentration is introduced into the sample spectrum . The intensity 
ratio of the sample and the internal standard in the same spectrum is measured to 
eliminate peak-intensity variations and determination of the pathlength [3]. 
1.3 Quantitative methods of IR spectrometry in derivative 
spectrometry 
The value of the quantification by JR spectrometry lies in its potential ability to 
measure a sample where chemical methods are inapplicable or cumbersome , such as in 
mixtures of isomeric substances or mixtures of materials with similar or inert functional 
groups[15]. Unfortunately, in most cases，the determination of a component in complex 
matrices suffers from serious limitations owing to the overlapping of absorbance bands 
which prevents direct determination and causes strong matrix interferences [16]. For 
two-component mixtures it is not always possible to find a wavenumber for the 
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measurement ofone component where the other is sufficient transparent，and the chances 
ofdirect measurement dimmish as the complexity ofthe mixture increases . 
The use of derivative techniques in spectrometry has opened up new possibilities 
for the resolution • Derivative method offers a convenient solution to a number of well 
defmed analytical problems，such as the resolution of multi-component systems， 
removal ofthe effect of sample turbidity and matrix background and the enhancement of 
spectral details . Derivative spectrometry in quantitative analysis has special advantages 
in situation where [4,8]: 
(1)the analytical bands are overlapped by other components or the background 
absorption ； 
(2) due to difficulties in the choice ofbaseline points，calibration by peak heights is not 
satisfactory ； and 
(3) the analytical bands appears as shoulders • 
In such cases，the derivative spectrometry can be employed more effectively. 
1.3.1 The use of principle of derivative spectroscopy 
Differentiating the Beer's law，the following equations are obtained [17] 
Zero order spectra or derivative is also called common spectroscopy . 
A = abc (Eq.1.1) 
First order derivative 
dA , da 
^ = bc— (Eq.l.l2a) dv dv 
Second order derivative 
cPA , d^a 
~ ^ : b c ^ ^ (Eq.l.l2b) 
Nth derivative 
d"A , d"a 
— c ^ (Eq.l.l2c) 
Eq.l.l2a to 1.12c show immediately that derivatives , d"A/dv" are always proportional 
to the concentration and analytical applications are based on this fact. 
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Since the background level changes only slowly as the spectrum is scanned，the 
rate ofchange ofthe slope ofbackground is very small compared with the rate ofchange 
of slope of sample in the region of an absorption peak . Thus the output of d"A/dv" may 
eliminate the effect of the background [15]. 
1.3.2 Calibration methods based on the amplitudes ofsignals [18] 
The amplitudes ofthe signals in the derivative spectra are used for quantitative 
analysis • Depending on the problem to be solved，different methods are proposed . 
1.3.2.1 Peak-peak method 
The peak-peak(PP) method[18] is most commonly used to estimate the 
concentrations of known substances • In the derivative spectra，the distance from a 
maximum to a minimum is generally directly proportional to the concentration of the 
substances，as shown in Figure 1.1a . 
1.3.2.2 Tangent baseline method 
The tangential baseline(TB) is proposed as graphical measures [19] • In the TB 
method a common tangent is drawn to neighboring maxima or minima，and the distance 
to the intermediate extremum value is measured parallel to the ordinate . This method can 
be applied satisfactorily if a linear background is present . The TB method is shown in 
Figure 1.1b. 
1.3.2.3 Zero-crossing method 
The zero-crossing(ZC) is also proposed as graphical measures[19] . It can be used 
for nearly symmetrical signals with respect to the abscissa ，or if individual curves 
overlap • At this position，the amplitude of the derivative signal of one of the 
components passes through zero [19] • The ZC method is shown in Figure 1.1c . The 
vertical distance from maxima or minima points to the zero line is proportional to the 
absolute value of the derivative . 
1.3.3 Calibration methods based on the area of signals 
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Figiire 1 .lc Zero-crossing method , where z„ is proportional to the the weight 
of measured component . 
Relationship between the areas and concentrations in derivative absorption 
spectrometry was studied by Defranceso et al. [20]，and found that the areas are 
proportional to the concentrations of the substances in question . The estimation of the 
area is particularly recommended when the shape of the signal is not symmetric [ 18]. 
Although the original commercial applications of JR spectroscopy in the mid 
1940s were strictly quantitative in nature [21]，most JR spectrometric studies have been 
concerned with structure [22] • Actually，much effort has been devoted to the JK 
spectrometry for the purpose of quantitative analysis • Nevertheless it can be seen from 
the survey of the assessable literatures that the reported methods still need improvement 
and new approaches on the subject are desirable . 
1.4 Aims of the present work 
It is the purpose of the research in Part E to develop a simple and sensitive 
derivative method for the quantitative determination of solid samples using JR 
spectrometry . Preliminary experimental studies showed that using polyethlene film as 
internal standard may be a useful and practicable method for the quantitative analysis 
of solids . 
Another aim of the research is to develop a software for quantitative JR 
spectrometry for the proposed method，which handles data manipulation，calibration of 
the standards and determination of specimens • For this purpose，ffi,QA software has 
been designed for a PC computer and independent of the ¥TJR spectrometer . 
1.5 Arrangements for Part II 
The derivative method for the JR spectrometric determination of solid samples 
using polyethylene film as internal standard(DISPE method) is presented and discussed in 
Chapter 2 • The quantitative software for the proposed method is developed and 
discussion in Chapter 3 • To illustrate the application of the method on ]R solid 
determination，the proposed method has been applied to determine the content of some 
t 
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Chinese mineral drugs and the results are reported in Chapter 4 . Chapter 5 deals with the 







FOR THE IR SPECTROMETRIC DETERMINATION 
OF SOLID SAMPLES 
USING POLYETHYLENE FILM AS INTERNAL 
STANDARD(DISPE method) 
2.1 Overview 
IR quantitative analysis has reached the point where it is a reliable tool [1 . 
Work with liquid samples has the advantages，that the measurement is 
performed under the optimum conditions and the experimental conditions can be adjusted 
relatively easily [2] . One of the most noteworthy applications of quantitative ni 
spectroscopy with liquid form has been determination of fat，protein and lactose in milk 
and other dairy products such as milk powder and cheese [3], the major advantage is 
that it allows almost instantaneous measurement of the chemical composition of milk 
without requiring special sample preparation or destruction [4] . Quantitative analysis of 
isosobide dinitrate [5]，fat and moisture in butter [6] , and protein and fat in meat [7 
were reported for the liquid samples • Combining ER with flow analytical techniques 
could produce a fast determination [8] • The determinations of phenyl isocyanate [9]， 
fat，protein and lactose in milk [3]，free fatty acids in fats and oil [10]，carbaryl in 
pesticide [11] and ethanol in beers [12] have been developed by using the combined 
technique . The greatest disadvantage of quantitative analysis in the liquid form is that 
thickness of the liquid cells is subject to large errors [2]. Another problem is that in 
quantitative analyses reported，organic solvents were needed to dilute the samples，and 
the subsequent evaporation could lead to significant variations in the measured 
concentrations of the samples and ultimately to errors in the calculation of 
compositions[10] . All the errors are reflected in the value of absorbance as systematic or 
random errors，which are very difficult to eliminate . 
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The JR analysis of gaseous samples needs the use of gas cell with relatively long 
optical paths with consequent low dependence of the error on this quantity [2] • It has 
been used for the determination of the amounts of gases formed in reactions and has also 
been successfully employed for the determination of trace amount of gaseous atmospheric 
pollutants[2] • Beer's law is met ideally when gases or vapors at low partial pressures are 
diluted in a nonabsorbing matrix [ 13 ]. 
The JR quantitative analysis of solid samples has the following advantages : 
(1) it can be used for analyzing samples for which no suitable solvent is available [14]； 
(2) solid-analysis of ER spectrometry permits the precise quantitative study of variable 
I' 
associated with the crystallinity of the materials，which otherwise would be 
impossible by solution techniques [ 15]； 
(3) the solid analysis oftwo very similar species can often be carried out on substances 
i: 
I which show little or no spectral differences in the liquid form [15]； 
I 
I (4) for some analytes the method allows the direct determination without sample 
I: 
I pretreatment and separation from the matrix [16]； 
I (5) generally，no solvent is necessary for preparing standard and sample pellets except 
1 KBr，so the determination does not cause any environmental pollution ； and 
(6) it avoids the difficult and puzzled tasks to select the "suitable" solvents ； 
The obvious advantages of the potassium bromide，including possibility to 
weigh the samples accurately and the freedom from interfering absorption bands，led to 
the conclusion that the KBr pellet method is the best available technique for 
quantitative work of the solid samples [17-18] • Applications of JK quantitative analysis 
of solid samples include : the determination of mineral constituents of rocks [19]； 
pesticides in the solid state [20] ； mineral components in coal[21] ； fixed water in rocks 
[22] ;ammonium ion in hydroxylamine sulfate[23]; mordenite content of natural zeolite 
rock [24]; L-bomeol in the extract of Blumea balsamifera DC. [25] ； glycyrrhizic acid in 
crude extract of radix Glycyrrhizae [26] ； talc in geological samples[27] ； bilirubin in 
crude extract [28]; whewellite and uric acid in uroliths[29] ； calcium bilirubin in calculus 
bovis [30] ； bomeol in bingpengsan [31] ； cholesterol content in gallstones [32] ;caffeine 
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in solid pharmaceutical samples [16] and oxide content ofalkali metal fluoride-tantalum 
melts [33]. 
As mentioned in Section 1.2.1.5，calibration methods based on intemal standards 
are good for solid samples and has been used in quantitative analyses for solid samples 
;i,13-14,34-39] • The ratio of intensity of the analyte to that of the intemal standard 
enables calculation of correction factors for the absorbances in the analytical bands ofthe 
test components [2], and can also avoid the determination ofthe pathlength of pellets， 
and hence it has been called an elegant method of quantitative analysis [ 3 9 ] . 
Nevertheless，we were surprised to fmd that the applications of this method was not as 
extensive as might have been expected • Determination of crystalline penicillins with the 
intemal standard ofdl-alanine in mull [15] ； the mixture of sodium toluene sulfonate and 
alkyl benzene sulfonata with the intemal standard of calcium carbonate in mull [34]； 
acetate content of poly(vinyl acetate-chloride) polymers and free fatty acid content of 
aluminum soaps with the intemal standard of potassium thiocyanate in KBr [35]； 
calcium sulfate hydrates with the intemal standard of calcium carbonate in mull [40] and 
glossypol in cotton seed with the intemal standard of potassium ferricyanide in KBr [41] 
have been reported • 
As can be expected，the greatest difficulty encountered JR quantitative analysis 
of solid samples is dispersion [2]，because dispersed particles cause errors owing to 
scattering and reflection . Therefore，intemal standards are employed . The intensity 
ratio between the analyte and the intemal standard enables calculation of the correction 
factors for the absorbances in the analytical bands of the test components [2]. 
bi order to overcome the limitation of the overlapping absorbance bands， 
derivative JK spectrometry has been used for quantitative analyses [12,28, 31,42-43] in 
cases，where the direct determination is impossible using the zero order spectra because 
of strong matrix interferences [43]. 
Although some progress has been made for IK solid analysis，there is still plenty 
of room for improvement，and the proposed method is one of these attempts . The 
principle of the proposed derivative method for the JR spectrometric determination of 
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solid samples using polyethylene film as internal standard (DISPE method) is described 
as follows • 
2.2 The Beer's law and the models of regression equations 
used 
2.2.1 The Beer's law for solid samples 
Beer's law in the form of A = abc is derived for use with liquid solutions . For 
solid analysis [2,18]，the concentration of the analyte, c，can be expressed as 
w 
c = ^ OEq.2.1a) 
where w is the weight of the analyte in the pellet in milligrams，s，the area ofthe pellet 
• 2 
in cm，and b，the pellet thickness • A more convenient expression for solid analysis is 
expressed as follows : 
A L L / M 、 ^ a 
A = abc = ab(—) = a y = - w OEq.2.1b) 
where A is the absorbance and a，the absorption coefficient. 
Rearranging， 
A = kw ^q.2.1c) 
where k is a constant related to the absorption coefficient of the analyte and a certain die 
of the KBr pellet equipment used , andit is equal toa/s . For Eq.2.1c , absorbance is 
proportional to the weight of the analyte and this equation was used for this study 
because it is more convenient for solid analyses . 
2.2.2 Regression equations reported in the literature 
Three types of regression equations reported were in the literature used for 
calibrating the standards • 
The first type of regression equations is in the following form 
Ai = a + kwi (Eq.2.2) 
where Ai is the absorbance，Wi is the weight of the analyte，a and k are constants • 
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The second type of regression equation was used for JK quantitative analysis 
by Sleeter et al. [44] : 
A = ^0 + 辉义 + B , , (Eq.2.3) 
where Bo and Bj and B2 are constants • 
The third type ofregression was used for JR quantitative analysis by Ismail et al. [45； 
鲁 參 
4 = ^0 + ^ y / ^ + B^w, (Eq.2.4) 
2.3 The principle of the proposed DISPE method 
The principle of the proposed DISPE method and the regression equation to be used 
will be discussed in the following sections . 
2.3.1 Cases where no peak from the internal standard overlap with 
those of the analyte(Case 1) 
2.3.1.1 Using the first type of regression equations for the analyte in Case 1 
For Case 1，the absorbance of the internal standard，Ai，and the absorbance of 
analyte，Am at two wavenumbers Vi and Vm can be expressed by Eq.2.5a and 2.5b ifboth 
Am and Ai are related by the first type of regression equations . 
4 = i^ + K^i ^)q.2.5a) 
^m=^m^K^m (Eq.2.5b) 
The ratio of AJAi can be calculated as : 
A^ G^ + k^w^ 
nt tTi tn fTi /T^  _ /•> 广 \ 
— = ; (Eq.2.5c) 
A. a. + k^w^ 
Eq.2.5c can be rewritten as， 
^™ flf„ k^ 
~ f = ~ " 7 ~ ~ + ~ 7 ^ w, ^q.2.5d) A^ a^ + k^w^ a,. + A:,.w,. ^ , 
The two constants in Eq.2.5d can be obtained by the least-squares regression of 
Arr/Ai on Wm . 
2.3.1.2 Using the second type of regression equations for the analyte in Case 1 
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The ratio ofAJAj can be expressed as in Eq.2.6a if both the analyte and the 
internal standard are related by the second type ofregression equations . 
^m 一 A)m + ^Xm^m + ^2m^l _ . . � 
丁 — R 4. R V; 4- R vi;2 (Eq.2.6a) A ^oi + ^M^i + ^2i^i 
let K, = 5o, + B,,w, + B ,^w^ (Eq.2.6b) 
Eq.2.6a can be rewritten as • 
X = ^ + � ^ m + 會 < (Eq.2.6c) 
For Eq.2.6c，let 
v - A . . D _,^5L. D _ i . n _^2nL 
[ A i , B o - K / B r ( 钱 一 火 1 
and X,=w^; X^ = wl (Eq.2M) 
Eq.2.6c can then be rewritten as • 
Y = B � + B,X, + B^X^ (Eq.2.6e) 
It is clear that the three constants in Eq.2.6e can be obtained by multiple regression [46]. 
2.3.1.3 Using the third type of regression equations for the analyte in Case 1 
The ratio of Arr/Ai can be expressed as in Eq.2.7a if both the analyte and the 
internal standard are related by the third type of regression equations . 
^m Bom + ^lm^'r!^^^2m^m ^^，7、 丁 = R ^ R vi;i/2 . D ^, (Eq.2.7a) 
^i ^oi + ^U^i + ^2i^i 
let K^  = 5 � , + 5i,.w,"2 + ^2,w, (Eq.2.7b) 
Eq.2.7a can be rewritten as 
^m ^om 丄 B\m \I2 , ^2m … rc"�n^\ 
7 = " ^ + ^ l + " : ^ 1 _ 2 . 7 c ) 
For Eq.2.7c，let 
V ^m . n Bom . p B\m . p ^2w 
r—A/^-K2， B�Ki,万2-尺2 
and ^ = w i f ; ^ , = w , ffq.2.7d) 
I 
Eq.2.7c can then be written as 
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y = B, + B, X, + B^  X^ (Eq.2.7e) 
It is clear that the three constants ofEq.2.7e can be obtained by multiple regression [46: • 
2.3.1.4 Using the different types of regression equations between the internal 
standard with the analyte in Case 1 
There are six possible combinations in the proposed DISPE method if the analyte 
and the internal standard obey the different types of regression equations . 
2.3.1.4-a Usins the first tyye of re2ressi0n equations for the analyst 
The ratio of AJAi can be defmed as Eq.2.8a and 2.9a，respectively，if the analyte 
is related by the first type of the regression equations whereas the proposed internal 
standard is related by different types of regression equations . 
^m ^Om + Km^m ,X7^  ^  0„\ 
— = — 2 (Eq.2.8a) 
為 Boi + BuW, + B,,w^ ^ 
年 = D Y i V ^ : ~ ~ (Eq.2.9a) 為 Boi + B,y/' + 5,,w, 4 ) 
For Eq.2.8a，let 
K^  = ^o, + 5i,w. + ^2,wf ^;q.2.8b) 
Eq.2.8a can be rewritten as 
令：驚+^ 狄^⑵ (Eq.2.8c) 
let 
7 = 令 ； ^ 0 = ¾ ^ ; k = ¥ (Eq.2.8d) 
A ^3 A3 
Eq.2.8c can be written as 
Y=ao + k,w^ ffq.2.8e) 
It is clear that the two constants in Eq.2.8e can be obtained by linear regression . 
For Eq.2.9a, let 
K, = 5o, + B,y/^ + B ,^w, Eq.2.9b) 
Eq.2.9a can be rewritten as 
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’今/f， _ 2 . 9 c ) 
let 
r = ^ ; “ 。 = 驚 ； h ^ (Eq.2.9d) 
Eq.2.9c can then be written as 
Y=a^ + k^ w^  ^q.2.9e) 
It is clear that the two constants in Eq.2.9e can be obtained by linear regression . 
2,3.L4'b Using the second tyye of resression equations for the analvte 
The ratio of AJA[ can be expressed as Eq.2.10a and 2.11a，respectively，ifthe 
analyte is related by the second type of regression equations but the proposed internal 
standard is related by the different types of the regression equations • 
^^tn ^Otfi + ^Xnt^^nt + ^2,fn^^m xx^  /^ •§ r\、 
— = ； OEq.2.1 Oa) 
為 cii + A:,.w,. ^ 
^m ^Om + B,^^m + ^2n^^l _，1 .、 
~ r B ^ r + B 2 , . i 狗 夠 
ForEq.2.10a,let 
K4 = fl,. + k,w, ^q.2.10b) 
Eq.2.10a can be rewritten with Eq.2.10b • 
令 = ^ + 免 1 + f f ^ - (Eq.2.1 Oc) 
let 
[ : • ; 召 。 々 ； ^ = f ^ B2 = * (Eq.2.10d) 
Eq.2.10c can be written as 
Y=B, + B,w^ + B,wl (Eq.2.10e) 
It is clear that the three constants in Eq.2.10e can be obtained by multiple regression . 
For Eq.2.11a.let 
^5 = o^/ + ^u^i' + ^2i^i ^q.2.11b) 
Eq.2.11a can be rewritten as 
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AL_:^Om A ^ ^ 2 m 1 11 、 
4 " i ^ 3 ^ 5 ^ i ^ 5 ^ (Eq.2.11c) 
let 
V - 4zL. p 一 Bom • n 一 ^lm • n ^2m , r 。 i 1 j 、 
一 A.， ° 一 K, , 1 一 "^ ， 2 = ^  (Eq.2.11d) 
Eq.2.11c can then be written as 
y = Bo + B,w^ + By^ (Eq.2,1 le) 
It is clear that the three constants in Eq.2.1 le can be obtained by multiple regression . 
2.3.1.4'C Usins the third tvve of resression equation for the analvte 
The ratio of AJA^ can be expressed as Eq.2.12a and 2.13a，respectively，ifthe 
analyte is related by the third type of regression equations but the proposed internal 
standard is related by the different types of the regression equations . 
A^ Bom + B,w]i^ + B.w^ 
nt vm im m Zm m /-r^ ^  ,内� 
~ir ^ " ^ j ^ . 狗 肩 
^m ^Om + ^ iyi' + B2^W^ m � 1 : � 
7=五身丨+召2丨,’ ^ .2 .13a) 
For Eq.2.12a,let 
K^  = a, + k,w^  ^)q.2.12b) 
Eq.2.12a can be rewritten as 
令 = ^ 7 + ^ 7 <'2 + 急 w ^q.2.12c) 
let 
r = 4 " ; 5 o = § ^ B � = ¥ , B, = ^  ffq.2.12d) 
A ^6 ^6 ^6 
Eq.2.12c can then be written as 
y = 0^ + ^ < 2 + B,w^ ffq.2.12e) 
It is clear that the three constants in Eq.2.12e can be obtained by multiple regression . 
ForEq.2.13a，let 
^7 = ^oi + ^u^i + ^2i^i (Eq.2.13b) 
Eq.2.13a can be rewritten as 
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4 ^ ^ ^ ^ J ^ ,/2 ^ 
4 Ki 欠7 " /：7� （tq.Z.l^ ) 
let 
r = ^ ; B, = ^ ; B , = j ^ ; B , = ^ (Eq.2.13d) 
Eq.2.l3c can then be written as 
r = B, + B,wi;,'+B,w^ (Eq.2.13e) 
It is clear that the three constants in Eq.2.13e can be obtained by multiple regression . 
From above discussion , regression equations are derived for the proposed DISPE 
method using an internal standard for IR determination . 
2.3.2 Cases where the analyte's peak is overlapped by that of the 
internal standard (Case 2) 
In this study , the analyte's peak is overlapped by that of the internal standard , 
and yet it is assumed that peak of the intemal standard is not affected by the analyte . 
2.3.2.1 Using the first type of regression equations for the analyte for Case 2 
For case 2 , only the intemal standard contributes to , Ai at the wavenumber Vi of 
its absorption peak , whereas at the wavenumber for the absorption peak of the analyte , 
Vm , both the analyte and the intemal standard contribute to , Am , the absorbance at Vm . 
Ai and A^ can be expressed by Eq.2.14a and 2.14b if the first type of regression equations 
is used . 
4=a,+A:,w, (Eq.2.14a) 
A^ = ci^^k^w^^Al (Eq.2.14b) 
where A^ is the absorbance contributed by the intemal standard at Vm . If a correction 
factor, f\ is defined for the absorbances of the intemal standard at Vm and Vi as follow 
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^ ‘ 
/ i = ^ giving A'm = / i 4 (Eq.2.14c) 
Note that value of j\ can readily be obtained by scanning the spectrum of the 
intemal standard . The ratio of AJAt can be expressed Eq.2.14d 
A^ a^ + kw^ + f.A, 
~ f = — ~ ~ m 广力‘ OEq.2.14d) 
Ai a^ + k.w^ ^ 
Eq.2.14d can be rewritten as 
A^ a^ + kw^ + fAa, + k,w,) a^ k 
^ = —~~m m JiK z__L_L^ = (——^__+ / ) + ~ ~ ^ ~ ~ w , (Eq.2.14e) 
為 a^ + k,w, a,. + k,w^ •"口 a^ + k^w^ ^ 、^ , 
let 7 = 4 " ; “0= “T + / i ; k= km ^q.2.14f) 
4 。 a, + k,w^ 力 a, + k,w, 、” ) 
Eq.2.14d can then be rewritten as 
l^=«o + K » (Eq.2.14g) 
The two constants in Eq.2.14g can be obtained by the linear regression . 
Comparing Eq.2.5d with Eq.2.14e，the slopes of the both line are the same，while 
difference in intercepts is j\ inEq.2.14e . 
It can be concluded that for other possible combinations for Case 2，the regression 
equation can be obtained by linear or multiple regressions for the proposed DISPE 
method • 
2.33 Cases where the peak of the internal standard is interfered by 
that of the analyte(Case 3) 
t i this Case，the peak of the intemal standard is interfered by that of the analyte ’ 
while it is assumed that the peak of the analyte is not interfered by the intemal standard • 
2.3.3.1 Using the first type of regression equations for the analyte for Case 3 
For case 3，only the analyte contributes to the absorbance Am at the measured 
analyte wavenumber Vm，whereas both the intemal standard and the analyte contribute 
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to Ai at the measured wavenumber vi of the peak of the internal standard . Ai and Am 
can be expressed by Eq.2.15a and 2.15b using the first type of regression equations . 
4 = a^  + k^ w^  + A � (Eq.2.15a) 
^n, = «m + ^m^m ^q.2.15b) 
where A � i s the absorbance contributed by the analyte at Vi. If a correction factor, /2 
is defined for the absorbances of the analyte at Vi and Vm as follows 
j^ 
/2 = f giving Ar = f ,A^ (Eq.2.15c) 
Jfl 
Note that f^ can be readily obtained by scanning the spectrum of the analyte .The 
ratio of AJ(Arf2AnJ can be expressed as 
I j 
_ K _ = r^n + K^m ^q.2.15c) 
^i-f2^m ^i + K^i 
Eq.2.15c can be rewritten as 
~ " ^ ~ ~ = ~ ^ ^ + ~ ~ ^ ~ ~ w^ ^q.2.15d) 
A - f2^m ^i + ^i^i ^i + ^i^i 
let 7 = - y ^ V 7 - ; « 0 = — ^ ； ^ = - ^ f - (Eq.2.15e) 
A-fl^m «/ + K^i ^i + K^i 
Eq.2.15d can then be rewritten as 
Y=a^^hv^ ^q.2.15f) 
The two constants in Eq.2.15f can be obtained by the linear regression • 
Again if Eq.2.15d is compared with Eq.2.5d，it can be seen both slopes and 
intercepts are the same • The only difference is that in Eq2.15d , (Arf2An) is used instead 
of Ai It can be concluded that for other possible combinations for Case 3，the 
regression equations can be obtained by linear or multiple regressions for the proposed 
DISPE method. 
2.4 Discussion 
2.4.1 The choice of internal standard 
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At first of the research，the conventional internal method for the JK 
determination of solid described in Section 1.2.1.5 was attempted，however，several 
serious problems were encountered . The first problem was the difficulty in obtaining 
homogeneous mixtures (usually 5g) of potassium bromide containing the internal 
standard. Secondly although vibrator-grinding technique using，the Wig-L-Bug 
machine(described in Section 5.8.3 in Part 1) can achieve the smallest average uniform 
particle sizes of the sample tested [15]，the weight of the mixture to be vibrator-ground 
should be held to a minimum and the weight suggested is about 1 g . The third problem 
is that calibration curve can only be used for determining the contents of analytes which 
were diluted by the same batch of the base mixture containing the internal standard . It is 
clear that the method cannot be used in routine analyses • Finally，on standing，some 
chemical or physical interaction between potassium bromide and the internal standard 
may be possible . Li view of all the problems encountered，we cannot but give up the 
conventional internal method and a new approach to quantitative analysis for solid 
samples was attempted. 
2.4.2 Using polyethylene film as an internal standard 
Because JK spectrum of polyethylene(PE) film shows just a few sharp peaks (see 
Appendix E)，PE film is considered as a potential internal standard for our research 
and it fulfills most of the criteria expected for an internal standard mentioned in Section 
1.2.1.5 . Apart from these favorable properties，PE film also has the following 
advantages : 
(1) PE film is required to produce the necessary additional peaks and no mixing with 
potassium bromide is necessary and hence the chance of interaction between the 
internal standard and the analyte is avoided ； 
(2) PE film itself is not hygroscopic，is stable and is easy to be store so that it is suitable 
for the routine analysis ； 
(3) there is no need to weight PE film and no grinding is necessary so that the proposed 
method is simple and rapid ； and 
175 
(4) in the proposed method，PE as the internal standard is introduced in the form of film， 
which is easily measured with an JR spectrometry. 
2.4.3 Role of derivative spectrometry in the proposed method 
Li the proposed method， derivative spectrometry was used to process the 
spectral data . The main reasons for using derivative spectrometry are as follows : 
(1)For the proyerties of derivative spectrometry : As mentioned in Chapter 1 ， 
derivative spectrometry can be used to resolve overlapping absorption bands [47]， 
especially shoulders on the side of strong bands [48]，and is highly effective for 
enhancing the sensitivity [49]； 
(2) For the effects of the analytes and PE film : The background absorption [50] 
resulting from the analytes and PE film can be minimized by taking the derivative 
spectrometry and then the content of analyte can determined directly by the derivative 
spectrometry ； and 
(3) For the effect of some substances : The effect of the JR spectra of some substances 
showing no apparent absorption peaks can be eliminated by taking the derivative 
spectra and the analyte can be directly determined without prior separation of the type 
of foreign intereferences. 
2.5 Conclusion 
DISPE method was proposed for the determination of solid samples using JR 
spectrometry . The elegance of the DISPE method is to introduce PE film as the "internal 
standard" and yet it is not necessary to mix it with the analyte • Regression equations have 
been developed to cover the cases，where the analyte's peak is interfered by that of the 
internal standard and case that the internal standard's peak is interfered by those of the 
analyte. The proposed method may be widely used for JR determination of analytes in the 
solid form. 
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The only limitation using the proposed DISPE method is the analyte peak is 




THE IRQA SOFTWARE FOR QUANTITATWE 
ANALYSIS USING IR SPECTROMETRY 
3.1 Overview 
Because VTJK spectrometer are computerized spectral data may be stored [1] in 
digital format , therefore it is possible to exploit a number of mathematical techniques for 
data analysis that were not readily accessible before . The tedious , subjective and time 
consuming tasks encountered with current procedure of manually drawing baseline , 
measuring the peak heights [1] and cutting out the plotted peak and weighing the paper to 
get the peak area [2] are eliminated . A number of softwares have been developed for 
quantitative JR analysis [l,3-8]. The common method involves dividing the program into 
two parts , whereby one part specifically run on certain spectrometers and the others 
process the data using statistics packages . Their limitations are obvious . 
Our purpose is to develop a general software of quantitative analysis for JR 
spectrometry suitable for ffiM-PC and compatibles，niQA software( TR means infrared ； 
QA means quantitative analysis ) , which also can be use for the proposed DISPE method 
described in Chapter 2 . 
3.2 Apparatus 
A Comtech 486DXL/40MHz computer with base memory 640kb and extension 
memory 15360kb was used for developing the niQA software with the proposed 
DISPE method as well as the general JK quantitative analyses .The program were 
written in Quattro Pro ( version 4.0 ) . 
3.3 The software of quantitative analysis 
Although the software was edited into large program it consists of different sub-
routine programs and the software is divided into five parts 
3.3.1 Extraction ofthe characteristic values for IR quantitative analysis 
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3.3.1.1 Extraction of the characteristic values for quantitative analysis in the 
zero-order spectra 
Through investigation ’ the following characteristic values are used for quantitative 
analysis. 
(1) absorbances ； 
(2) corrected absorbances ； 
(3) peak areas ； and 
(4) corrected peak areas . 
Figure 3.1 shows the characteristic values for quantitative analysis of common 
spectra. The numerical analyses used were as follows . 
(1) at a given wavenumber region and using the Lagrange method , the absorbance and 
corresponding wavenumber of maximum absorption as the preliminary quantitative 
parameter or as the characteristic value of quantitative analyses were interpolated ； 
(2) for a wavenumber point and using the Lagrange method , the corresponding 
absorbance as the characteristic value of quantitative analysis was interpolated ； 
(3) for a given wavenumber range and using Lagrange or two-point methods ’ the 
corresponding start and end absorbances were interpolated ； 
(4) for the wavenumber region given in (3) and using trapezoid or Simpson rules , the 
area as the characteristic values ofquantitative analysis was interpolated ； and 
(5) for a corrected peak areas and using Trapezoid rule ’ the background areas were 
integrated. 
The "Lagrange interpolation method" has been described in Section 2.2.6.1-B of 
Part 1 , whereas the "two-point interpolation method" has been described in Section 
7.2.4.1 ofPart 1 . The integration ofpeak areas is shown in Appendix II-2. 
3.3.1.2 Extraction of the characteristic values for quantitative analysis in the 
derivative spectra 
3.3. J.2-A Notation for amvlitude measures ofderivative spectroscopy 
The notation for amplitude measures of derivative spectroscopy was 
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The letter D is used to indicate that an amplitude of a peak has been measured in the 
derivative domain . The order of derivative is specified by a leading superscript to the 
letter D, e.g., D^ and 2D . The two wavenumbers between which the derivative peak is 
measured are specified by subscripts separated by a comma . The first wavenumber 
corresponds to the more positive amplitude while the second defines the position of the 
more negative value . In those instances where a derivative peak is measured with respect 
to the zero baseUne at the same wavelength, only one wavelength need be specified . 
We proposed that the letter M be used to indicate that a corrected amplitude of a 
peak has been measured in the derivative domain . Hence M^691.25,724.36 describes a 
corrected amplitude of a peak that has been determined with respect to a newly defined 
scale，in which derivative zero absorbance is located at the intercept of the straight line 
constructed perpendicularly from the analytical band whose region is between the more 
positive peak at 691.25 cm"^  and the more negative peak at 724.36 cm'^. 
3.3. L2-B Notationfor area measures of derivative spectroscopy 
We proposed that the letter A be used to indicate that an area ofa band has been 
measured in the derivative domain . Hence A^691.25,724.36 describes the second derivative 
area that has been measured between the more positive peak at 691.25 cm'^  and the more 
negative peak at 724.36 cm'^. 
The letter C is used to indicate that a corrected area of a band has been measured . 
Hence ^Q9i 25j24 36^ 1escribes the corrected derivative band-area . 
2.3J.2'C The classification of derivative bands 
Because the values of d"A / dv" in derivative spectra change their signs with the 
wavenumbers , it is necessary to class the derivative bands for calculating the 
characteristic values in the derivative spectra 
(1) ifthe d"A / dv" do not change the signs in the given region ’ this is defined as a pure 
case and is coded P in the system which includes two types . If d"A / dv" > 0，it is 
the pure peak(PP) ； if d"A / dv" < 0，it is pure valley^>V) . For P case，we specify 
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that the order ofwavenumbers is in ascent in the system . The notations of "D^ ,^  ,^^  and 
"A/,,i^ 2 in P case indicate vl < v2 . 
(2) if the d"A / dv" change the signs in the given derivative peak region , this is defined 
as impure peak and it is coded NP in the system ； 
(3) if the d"A / dv" change the signs in the given derivative valley region，this is 
defined as impure valley and it is coded NV in the system ； 
(4) if a pure peakyVaUey connects another pure valley/peak , this defines both cases and 
is coded B in the system . 
Figure 3.2 shows the classification of derivative band . 
3.3.1.2-D shift of the baseline 
ln order to use the quantitative information of derivative spectra , the baseline is 
changed from 0 to AA (AA>0). 
(1) For PP and NP : AA is added to each derivative absorbance and the absolute values 
are taken individually as shown Eq.3.1a . 
d"A/dv"+AA\ (Eq.3.1a) 
(2) For PV and NV : Each derivative is subtracted from AA and the absolute values are 
taken individually as shown Eq.3.1b . 
d"A^dv"-^A\ (Eq.3.1b) 
The default value of AA is set at 0.4 but can easy change as desired . 
3.3.L2-E Extraction of the characteristic values for derivative spectra 
The foUowing characteristic values are used for derivative quantitative analysis . 
(1) derivative absorbances ("A^,v2 ); 
(2) corrected derivative absorbances(“M^^ ^^ )\ 
(3) derivative peak areas ("Avi,v2) ； and 
(4) corrected derivative peak areas ("Q,,v2) 
After the baseline has been shifted , the numerical analyses used in this part are the 
same as those in 3.3.1.1 . 
The procedure for treating B is as follows . 
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(1) at the given wavenumber region from Ws to We and using the Lagrange or two-point 
method , the corresponding derivative absorbances at the start and end points , dAs 
and dAe ’ are interpolated ； 
(2) using the logics formulas，Eq.3.2a finds the two coordinates which are nearer 
d^A / dv"= 0 from Ws t0We. 
{d"A / dv" )i > 0#and#(d"A / dv")^ < 0 
{d"A / dv"\ < 0#and#(d"A / dv"\> 0 
{d^A / dv" \ 二 0#and#{d"A / dv" )^ < 0 
{d"A / dv"\ > 0#artd#(d"A / dv"\ = 0 (Eq.3.2a) 
(3) for the two coordinates determined in (1) , the corresponding wavenumber is obtained 
by a two-point interpolation procedure，wx when d"A / dv"= 0 ； 
(4) the given region is divided into two parts . For the region from Ws to wj，if dA^ +i is 
greater than zero , the region is considered as a PP and the mark "Peak" is given . If 
dAs+i is less than zero , the region is considered as a PV and the mark "Valley" is 
given ； 
(5) after the baseline is shifted , the characteristic values are calculated as a P case and 
I 
the characteristic values obtained are transferred to output columns ； 
(6) the procedures for treating the second part from Wt to We are like the procedures of 
(4)and(5) ;and 
(7) the two sets ofcharacteristic values are added as the total characteristic values as in 
the B case. 
There are two modes for obtaining the intensity information in the system . The 
intensity information includes absorbance and corrected absorbance in the zero-order 
spectra ’ the "D^ ^ ^^  and "M^v: in the derivative specter . Mode 1 is the intensity 
information and is obtained by a given wavenumber . Mode 2 is the intensity information 
and is obtained by interpolation of the maximum values in a given region . Two modes 
can be easy selected . 
3.3.2 Ordering the extracted characteristic values and obtaining the 
ratio for proposed DISPE method 
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Because all of the characteristic values of the zero-order or derivative spectra are 
simultaneously extracted (Section 3.3.1) for each spectral file , it is necessary to arrange 
them in a orderly manner for calculation . The subprogram has three functions . One is to 
order the extracted characteristic values and the other is to input the weights of the 
analytes . The first and the second functions are for general purpose of quantitative 
analysis . The third function is for the proposed DISPE method . The different ratios of 
the analytes and proposed internal standard are calculated as the characteristic values in 
the proposed DISPE method . The procedures are as follows : 
(1) ordering the characteristic values : Each type of characteristic values is extracted 
from the results obtained following 3.3.1 . For the zero-order spectra , the first block 
is all absorbances . The second block is all the corrected absorbances ，the third 
block is all the peak areas , whereas the forth block is all the corrected peak areas . 
For the derivative spectra , the characteristic values from the first to the fourth blocks 
are all the derivative absorbances ( "D ,^^ ^2), corrected derivative abs0rbances("M^,^2) 
’ derivative peak areas (”八”1卩2)，and corrected derivative peak areas ("Q, 2^) from 
the results obtained from 3.3.1 . For general purpose ’ skip (2) and go to (3)； 
(2) calculation of the different ratios of the analytes and internal standard for the 
« 
proposed DISPE method : 
(A) ratio of the derivative absorbances of analyte {"D^ ^ ^^\ to the derivative 
absorbances of internal PE mm("D ,^ 2^)p '• The ratio is coded in R"D ,^ ^ ^ / D ,^ ^ ^ and 
defined in Eq.3.3a. 
R"D , , / D 1 , = ( Dvi’v2)“ (Eq.3.3a) 
a ^vl,v2 ‘ ^vl,v2 /wr^ \ ^ ^ , 
_ V ^^vl,v2Jp _ 
(B�ratio f the corrected derivative absorbances of analyte ("A v^i.v2)a to the corrected 
derivative absorbances of internal PE film("M^,^2)p : The ratio is coded in 
R"M^vi / M * 2 and defined in Eq.3.3b . 
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^Xi ,v2 / Mvi , = ^ 7 ^ (Eq-3-3b) 
_V ^^vl,v2 )p _ 
(C) ratio of the derivative peak areas of analyte (”八”1”2)» to the derivative peak areas 
of internal PE film ("A 1^^ 2)p • The ratio is coded in iTAviv2/Aviv2 and defined in 
Eq.3.3c. 
i^"Aw,v2/Av.v2- J ^ ^ ^ (Eq.3.3c) 
.v ^^vl,v2Jp_ 
<[B) ratio of the corrected derivative peak areas of analyte ("Qi v2)a to the corrected 
derivative peak areas of internal PE film ("Q,v2)p : The ratio is coded in 
R"Cv�v2 丨 Cvi，v2 and defined in Eq.3.3d . 
R"Cv�vJCv�v2: 7 ^ ^ (Eq.3.3d) 
_V ^vl,v2/p _ 
The ratios calculated from A to D are the characteristic values in the proposed DISPE 
method. 
(3) imputing the weights of the analytes : When the analytes were scanned , only the 
spectral codes can be entered as tittles of the spectra . In this step , the weights of 
every analytes are entered . 
3.3.3 Calibration of the standard and estimation of the weight of analyte 
Calibration ofthe standard and statistic analysis of the regression equation are shown 
in Appendix E-3 . Estimation ofthe weight of the analyte based on the calibration curve 
is shown in Appendix II-4 . 
3.3.4 Auxiliary subprogram 
There are two auxiliary subprograms in the software . One auxiliary is to transform 
a JCAMP-DX spectral file into a binary file and the file is saved . The subprogram has 
been described in Section 2.2.3.1-C in Part 1 . Another auxiliary subprogram guides user 
to use the niQA software and shows the macro command menu . 
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3.4 Discussion 
3.4.1 The principle of designing the software 
It is a very difficult problem as to how best to chose the quantitative parameters 
which includes the peak parameters and the regression equations . Because the peak 
parameters control the procedure of extracting the characteristic values and the regression 
equations control the estimation of the contents of the samples ’ the two parameters are 
the key factors . For derivative spectrometry , it has been reported that the regression 
equation is not always a straight line ； instead , it can either be an exponential or some 
form ofmathematical function [2]. It seems that no general rules can be used for solving 
the issue from the accessible literature . 
The principle of designing the software is that using as many as peak parameters 
possible execute extraction of the characteristic values and at same time using the 
different potential regression equations estimates the analyte qualities . Based on this 
principle ’ four characteristic values are simultaneously extracted for a given region • The 
values of absorbance，corrected absorbance , peak area and corrected peak area are used 
for the zero-order spectral determination . The values of derivative absorbance , corrected 
derivative absorbance , derivative peak area and corrected derivative peak area are used 
for the derivative spectral determination . For each spectrum，three regions can be 
simultaneously tried . To obtain the different quantitative results，the weights of analytes 
are simultaneously estimated by three types of regression equation . That is for each 
spectrum，36 possible results may be obtained by 36 potential regression equations for 
general use . For the proposed DISPE method , 24 possible results may be obtained by 24 
potential regression equations 
Although the ¥TTK spectrometer used has the fimction of quantitative analysis , only 
one regression equation can be used for estimating the quality . For derivative spectra , 
however，only one characteristic value , the absolute peak height can be supplied [10]. 
Compared these with our method , the proposed software may be a powerful and efficient 
software. 
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The proposed software can be run on an IBM-PC and with some necessary values of 
statistics given. 
3.4.2 Extracting modes of the peak-intensity information in a given 
region 
It is clear that all the peak-intensity information is affected by the wavenumber 
positions . Because the ¥TJK spectrometer has Fellgett advantage，the quantitative 
information is obtained at the same time and averaged . Based on this , two modes may 
be use to obtained the peak-intensity information . One is using a given wavenumber to 
interpolate the corresponding intensity as the peak-intensity information . It is coded 
mode 1 . Another mode is interpolating the maximum intensity as the peak-intensity 
information . It is coded in mode 2 . It was reported that the use of the peak-picking 
routine ensured that only the maximum absorbance was measured , accounting for any 
shifts in the wavenumber maxima of the peaks being measured [8]. Although mode 2 
seems reasonable , mode 1 has been in use . The dispersive spectrometer may only use 
mode 1 to obtain the quantitative data . Only mode 1 can be use for the zero-crossing 
method ofthe derivative spectral determination . For this reason , both mode 1 and 2 are 
designed for the zero-order , derivative spectra and the proposed DISPE method .User 
can easily select the mode base on the type of questions involved . 
Although the FTHl spectrometer in this study has the peak-picking fiinction like 
mode 2 , the function cannot be use in quantitative analysis [10]. 
3.4.3 Selecting the methods of the numerical analysis 
For the extraction ofthe characteristic values , it is necessary to select the methods 
for numerical analysis. 
Lagrange method was selected for interpolating the maximum absorption 
absorbances . Two-point interpolation was selected to find the wavenumbers 
corresponding to d"A / dv"= 0 for B case . The selection was based on the fact that two-
point interpolation is possible to approximate a functional dependence between two 
points , so it is sometimes caUed Unear interpolation . Lagrange interpolation is possible 
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for the approximation of a polynomial [11] . In our system we take n = 2 for Lagrange 
interpolation ’ it is a quadratic interpolation , 
Because the curve shapes ofboth the start and the end points are very complex ’ it 
is difficult to define either two-point or Lagrange interpolation ( n=2 ) in the software 
interpolates the start/end points . To solve the problem，we design the program to allow 
the user to select either Lagrange or the tow-point method according to the particular 
case study based on the characteristics of the two interpolations mentioned above. 
The integrated areas are usually more precise than peak heights [12]and the 
estimation of the peak area is particularly recommended when the shape of the signal is 
not symmetrical [2]. Trapezoidal rule can be use to integrate band area in JK spectra [13] 
and in many cases the rule is sufficient for an integration of the derivatives [2] . Simpson 
rule is both highly efficient and accurate [14] and it is an excellent general purpose mle , 
Because Simpson mle requires odd number of points and identical interval，the procedure 
of the Simpson rule is more complex than that of the Trapezoidal rule . Base on this 
requirement ’ the sub-routine program of the Simpson rule was designed and applied to 
W. derivative spectra. 
3.4.4 Using the quantitative information ofderivative spectra 
It has been mentioned that derivative spectra has many advantages which can be use 
for m quantitative analysis . To use the quantitative information of derivative spectra in 
the proposed software , the difficult problem of numerical analysis may be the change of 
signs with the wavenumbers . In order to eliminate the effect of signs and fully using the 
quantitative information of derivative spectra in the software , we proposed a strategy 
which is shifting the baseline to a given value . The strategy has some advantages . One is 
that shifting baseline makes all derivative absorbances be positive，which ensures the 
basic requirements for numerical analysis for the questions • Another is that the relative 
order ofthe derivative absorbances does not be changed by this effect . Other is for the 
regression equations，A = a + kw ； A = B,^B,w + B^w^ ； A = Bo+By%w, 
the statistical values ’ r , S, , S^，SST , SSR, SSE , k , B, B, do not change Only a 
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and B^ are change into a + M and B^ + M . The actual effect of shifting baseline is to 
make the point, d"A / dv"= 0 be change d"A / dv"=AA . For this purpose , the value of 
AA should be greater than the absolute of the minimum derivative absorbance in a given 
region. 
The all characteristic values of derivative spectra are positive with shifting baseUne . 
3.4.5 Subprogram of the proposed DISPE method 
The disadvantages of intemal standard are one that is tedious in preparation of the 
base mixture which contains the analyte and the sleeted internal standard , another is that 
the calculation is complex . The one advantage of the proposed DISPE method can 
eliminate the procedure for the preparation of the base mixture . To solve the second 
problem , the sub-routine program is designed . If using the proposed DISPE method， 
the first and second regions should be for analyte , the third region should be for the 
intemal standard . After extraction of the characteristic values , all ratios ofthe analyte and 
intemal can be obtained easily by the sub-routine program in ordering the data . It is sure 
that the sub-routine program can also be used for the common intemal standard . 
3.5 Conclusion 
A new software of TK quantitative analysis for fflM-PC, niQA , is proposed • In 
comparison with other known systems ’ this work contributes some new features . The 
proposed software can extract the quantitative information，calibration of standards , 
statistical analysis ofthe regression equation and estimation of the quaUty ofthe analytes . 
One of the unique benefits derived from the software is the advantage of being able to 
extract 4 of the characteristic values for each spectral peak and to estimate 3 of the 
possible quantitative results for each characteristic value based on 3 potential regression 
equations at the same time . The function may be use to aid analyst to select better 
quantitative parameters in a easy and efficient manner 
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The proposed software can be use for general purpose and the proposed DISPE 
method . The quantitative original data can be from the zero-order as well as the 
derivative spectra. 
With the menu-driven software , the tedious and time-consuming data processing of 
JK quantitative analysis is changed in a easy and accuracy way , vice versa it prompts the 
JK quantitative analysis to be developed fixrther. 
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CHAPTER 4 
IR FOR THE QUANTITATWE ANALYSIS 
OF SOME CHINESE MmERAL DRUGS 
BASED ON THE PROPOSED DISPE METHOD 
4.1 Introduction 
AIunite，gypsum，kaolin, mirabilite, talc and thenardite are used as the Chinese 
mineral drugs(CMD)[l-3] . Table 4.1 shows the major components contained in theses 
CMD. Talc and kaoUn are also collected in other pharmacopoeias[4-6], however there 
is no official quantitative method for the determination of talc and kaolin in these 
pharmacopoeias . The quantitative method for both mirabilite and thenardite described in 
the pharmacopoeia [1] is the traditional gravimetric method which is very tedious and 
time consuming . Gypsum is titrated by the standard solution of disodium edetate using 
calein as indicator , the end-point being the disappearance of the yellowish-green 
fluorescence and tuming to orange , which is difficult to judge [7] The method for the 
determination of alunite is very tedious • Mer preliminary treatment , alunite is reacted 
with excess standard solution of disodium edetate and then titrated with a standard 
solution ofzinc ,and a blank correction is necessary . 
Hunt et al. [8] developed an n i quantitative method for the determination of 
minerals by which kaolin was determined . Because the proposed handling sample 
technique , the powder film , is not a ready weighable form，some error may be existed . 
Estep et al. [9] proposed a method for the determination of gypsum and kaolin in coal 
ash samples by JR spectrometry [9] , however apparent absorptivity was need to be 
determined and the pellet thickness needed to be exactly the same for all the pellets A 
method for the determination of talc in geological samples by JK spectrometry was 
developed by Smolander et al. [10]，who concluded that the absolute talc concentrations 
are difficult to measure , but the relative concentrations in different samples are easily 
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evaluated . However，the correlation coefficient of the calibration was 0.9989 and the 
recovery was 91.2-97.4 % . 
In this chapter , the application of the DISPE method to determine the following 
six types of Chinese mineral drugs was described . 
Table 4.1 Themajor components contained in the CMD specimens 
No. CMD name Major component 
1 Alunite KAl(SO4)2.i2H2O 
2 Gypsum CaSO4.2H2O 
3 Kaolin A l 4 ( S i 4 O 1 0 ) ( O H)8 
4 Mirabilite Na2SQ4.lOH2O 
5 Talc l ^ ( S i 4 O 1 0 ) ( O H ) 2 
6 Thenardite Na2SQ4 
4.2 Experimental 
4.2.1 Instrumentation and settings 
4.2.1.1 Apparatus 
A FTni spectrometer model Nicolet 205 with a DTGS QOeuterated triglycine 
sulfate ) detector was used for measuring the spectra 
A Wig-L-Bug amalgamator model 3110B ( Crescent Dental Mfg. Co., Chicago, 
niinois) was used for grinding the analytes and mixing it with KBr 
A Mettler microbalence from Siber Shengr & Co. Ltd. ^>recision 土 0.001mg) 
was used to weigh standards, specimens and potassium bromide 
A electric balance AA-200 from Dervert Instrument Company，USA , (precision 
士 0. lmg )’ was used to weigh the pellets 
A home-made tumtable KBr pellet holder was used to check the homogeneity 
ofKBr pellet. 
A home-made film mount was used to holder the internal standard , polyethylene 
film. 




4.2.1.2 Instrumental settings 
The parameters for scanning first derivative spectra were set as follows : 
Gain ； 1 
Resolution ； 8 cm -1 
Scan number ； 120 times 
Apodization ； Normal 
Order of derivative ； First derivative 
Points ； 9 
4.2.2 Computer program 
A 486DXL/40MHz computer Model Comtech with base memory 640kb and 
extension memory 15360kb was used to receive the JR derivative spectral data from the 
FXni spectrometer. The proposed quantitative software described in Chapter 3，niQA , 
was used to treat the derivative spectral data . The whole program for the quantitative 
analysis was about 722,604 Bytes . 
4.2.3 CMD specimens 
Several specimens of each type of CMD were obtained from different locations . 
The JR spectra ofall specimens have been checked on the basis of the proposed software 
ofidentification ofCMD and chemical identification [1]. 
No specimen pretreatment was necessary . 
4.2.4 Reagents 
Potassium bromide was of spectroscopic-reagent grade . All other reagents used 
were of analytical-reagent grade . The reagent which is the major component of the 
corresponding CMD specimen selected was used as the standard for the caUbration . 
No reagent pretreatment was necessary . 
4.2.5 The procedure for grinding the CMD specimens，the standards 
and potassium bromide 
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Before grinding , the CMD specimens and the corresponding standards were 
heated at temperatures specified in the literature until constant weights were obtained . 
The heating temperatures are shown in Table 4.2 . 
Table 4.2 The heating temperatures for the CMD specimens and the corresponding 
standards 
No. CMD specimens Major components Heating Major components 
before heating temperature"C after heating 
1 "Alunite KAl(SO4)2.i2H2O 30Q[11] — K A l ( S Q 4 ) 2 
2 Gypsum CaSO4.2H2O 650 [12] CaSO4 
3 KaoUn A U ( S i 4 O 1 0 ) ( O H ) 8 110�131 A l 4 ( S i 4 Q 1 0 ) ( O H ) 8 
4 Mirabilite Na2SO4 .lOH2O 105 [11 Na2SO4 
5 l^alc M g 3 ( S i 4 O 1 0 ) ( O H ) 2 110[31 "Mg3(Si4Qio)(OH)r 
6 Thenardite Na2SQ4 105 [1] Na2SQ4 
4.2.5.1 The procedure for grinding the CMD specimens and the standards 
About 0.2g ofdried specimens or standards was placed in a stainless steel sample 
holder with one stainless steel ball and was ground with the Wig-L-Bug amalgamator in 
two 60-second increments with a interim 10-second pause . The ground specimens or 
standards were transferred to a screw-cap glass bottle, and kept in a desiccator . 
4.2.5.2 The procedure for grinding potassium bromide 
(1) Approximately 1 g of KBr was placed in a stainless steel sample holder with one 
stainless steel ball and ground with the Wig-L-Bug amalgamator in two 60-second 
increments with a interim 10-second pause and then the ground KBr powder were 
removed . The procedure was repeated until a sufficient amount of the ground KBr 
powder was obtained ； and 
(2) The ground KBr powder was heated overnight at 550°C [14], cooled in a desiccator 
.The ground KBr was stored in several screw-cap bottles and kept in a desiccator . 
4.2.6 The procedure for preparing mixtures containing potassium 
bromide and the standards or the specimen 
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Mixtures each containing KBr and one type of CMD or its corresponding standard 
were prepared daily in a two-step dilution method [15] . In the procedure，a mixture 
containing the analytes and KBr was homogenized and then the mixture diluted again , 
and the dilution ratios in the two steps were adjusted to be about the same . The details 
of the procedure are as follows : 
(1) first step dilution : a suitable amount of the analyte was transferred into the stainless 
steel capsule and accurately weighed using a microbalence .Let this weight of sample 
be Mig . Then a suitable amount of KBr was added to the same capsule and 
accurately weighed again . Let this weight ofKBr be Kig . 
(2) homogenizing the mixture : a stainless steel ball was placed in the holder containing 
the mixture from (1) and it was ground in the Wig-L-Bug amalgamator for two 60-
second intervals with an interim 10-second pause . The ball was then removed and 
all adhering mixture was returned to the container . The container without the ball 
was shaken in the Wig-L-Bug amalgamator for 30 seconds . This mixture was 
caUed base 1 . 
(3) second step dilution : about Mig of the base 1 was added into another stainless steel 
capsule and accurately weighed . Then about Kig ofKBr was added into the same 
capsule and accurately weighed again , 
(4) homogenizing the mixture: the mixture from (3) was homogenized in the same 
manner, and the homogenized mixture so obtained was called base 2，which was 
used for preparing the KBr pressed-pellet • 
4.2.7 The procedure for preparing KBr pressed-pellet 
1. a suitable amount ( about 0.2g) of base 2 was placed in a die and the plunger was 
inserted . The plunger was rotated by hand prior to pressing to ensure even 
distribution ofthe powder across the area of the pellet [16]. Then the plunger was 
carefully remove and the second die was inserted followed by the KBr pellet 
equipment connected to a vacuum pump and evacuated for 2 minutes before applying 
pressure [17]. 
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2. the pressure on the die was increased by a laboratory press to 10 tons for 2 
minutes .The vacuum was released and then after another 0.5 minute the pressure on 
the die was released [14]. 
3. the pellet was carefiilly removed with sharp-pointed forceps from the die . The 13-
mm pellet so obtained was immediately scanned with the spectrometer and then 
weighed in a analytical balance to obtain the weight of the analyte [18]. 
4.2.8 Procedure for the proposed internal standard method (DISPE 
method) 
Step 1 (making the internal standard) 
The purpose of this step was to change the thickness of the polyethylene(PE) film 
^PEF). The PE film was stretched at the top ofboiling water [19] and was then placed in 
the home-made film mount [Figure 4.1a] which can fix the PE film permanently . The 
most suitable thickness was selected for recording the spectra of PE film and the 
absorbances of maximum absorptions were about 0.4 at about wavenumber 721 cm"^  . 
Representative spectrum of the PE film at different orders are shown as in Figure 4.1b . 
Both first and second derivative spectra were used for this study . 
Step 2 (scanning the blankKBr pellet ) 
A blank KBr pellet was made in the same manner as that containing the analyte 
and used for correcting the background absorption . The humidity in the laboratory for 
carrying out the quantitative analysis should be control below 50% [19]. 
The spectrum ofthe blank KBr pellet was scanned . 
Step 3 (scanning the standards and samples) 
After scanning the baseline , the film mount with PE film fixed in the home-
made pellet base pigure 4.1c] at the marked line . The pellet containing the CMD or its 
standard was placed in the pellet base where the pellet was positioned against the PE film 
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Figure 4.1c The view ofthe pellet base with the KBr-peIlet holder and the fc moum 
Step 4 (communication of spectral data) 
The spectral data were converted into the derivative spectral data and were then 
sent from the spectrometer to the computer through the RS-232 C interface . The 
communication software and parameters were the same as described in Section 
2.2.3.2-BinPartI. 
Step 5 (obtaining the quantitative information) 
After the spectral file names and the corresponding quantitative parameters were 
set，the appropriate quantitative information was extracted by the software proposed for 
the quantitative analysis using DISPE method . 
Step 5 (calibration and determination) 
The proposed software gives the regression equations and then the amounts of 
analytes were estimated based on the regression equations and printed as the reports of 
n i quantitative analyses. 
4.2.9 The countercheck method 
The countercheck was executed using the official method [1]，where the 
methods for determinations of alunite and gypsum were titrimetric，for determinations 
of mirabilite and thenardite were the gravimetric methods . 
4.3 Results and discussion 
4.3.1 The first derivative IR spectra 
The first derivative W. spectra of the five standards , the corresponding CMD and 
the proposed intemal standard , PE film are shown in Figures 4.2a to 4.2e . 
It can be seen from the first derivative spectra the peak(s) of PE，the intemal 
standard , is/are not close to those of the respective drugs , and hence，it is possible to 
determine the six specimens using the proposed DISPE method . 
4.3.2 Regression equations 
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Figure 4.2a The first derivative LR spectra of aluminum potassium sulfate (A), alunite (B) and the proposed intemal 
standard (C). 
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Figure 4.2b The first derivative lR spectra of calcium sulfate (A)，gypsum (B) and the proposed intemal standard 
(C). 
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Figure 4.2c The first derivative IR spectra of reference of kaolin (A), the sample of kaolin (B) and the internal 
standard (C). 
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Figure 4.2d The first derivative Ul spectra of sodium sulfate (A)，mirabilite (B)，thenardite (C) and the proposed 
internal standard (E). 
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Figure 4.2e The first derivative JR spectra of reference of talc (A)，the sample of taIc (B) and the proposed intemal 
standard (C). 
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The regression equations were obtained by regression of the ratio of the 
derivatives against the corresponding weights of standards (unit : mg) in the pellets . In 
quantitative determination of the contents of the CMD specimens , the results were 
estimated from the regression equations . 
For each of the standards under study , the regression equation was given by the 
proposed DR.QA software for the IR quantitative determination . The details about the 
data for regressing the equations of the five standards are shown in Appendix II-5 and the 
regression equations is shown in Table 4.3 , and the calibration graphs of are shown 
respectively in Figures 4.3a to 4.3e . The first derivative JR spectra for the calibration 
graphs which are linear within the working range are shown respectively in Figures 4.4a 
to 4.4e . Note that the correlation coefficients of the regression equations were all found 
to be better than 0.9990 for all cases . 
The weight range of each standard was so selected that the absorbance was from 
0.1 to 1.3 . 
, It is worthy to note that as the internal standard is the PE film , which was kept 
fixed on the mount for the whole experiment ’ hence its weight was considered constant. 
Table 4.3 The briefform of the regression equations for the five standards 
Regression equation R'C^^^2 丨 Q.v2 二 以 + ^  
Standard [Ratio* |SlopeW |lntercept(a) r |LWR^mg) 
KAl(SO4)2 / ^ 1 0 5 7 3 形體 /〔贩 6 ，阪 / 0.4271 -0.009061 0.9998 0.33-1.3 
CaSO. 取 9 9 脚 . 具 3 一 1.435 0.008697 0.9998 0.052-0.19 
A U ( S u O . o ) ( Q H ) s i q _ _ / C _ 2 , M 8 ^ 1 . 2 0 7 0 . 0 0 6 3 8 4 0 . 9 9 9 5 0 . 1 4 - 0 . 5 0 
Na2SO4 /^1�5_625 8 4/〔腳’雇7 " 1 . 3 9 8 -0.002584 0.9995 0.49-2.0 
Mg3(SLAo)(OH)2 |7^丨〔濯.3厚8 丨 3^.00,301.00 K^ ^  ^  ^^^^^ P ^ ^ ? |o.038-0.18 
* , The ratios of corrected derivative areas of standards to those of PE film , and the 
notation described in Sections 3.3.1.2 and 3.3.2 . 
a ’ Ratio ofcorrected peak area of analyte (wavenumber range from 573.44 to 621.87 
� ’ cm'i) to those ofintemal standard , PE film (wavenumber range from 1457.4 to 1489.6 
t cm"^ )in the first derivative spectra 
b，linear working range 
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The recovery of the proposed method was studied by adding known amounts of 
the standards to the CMD specimens . Results ofthe recovery tests are shown in Tables 
4.4a to 4.4e . The range of recovery was found to be from 97 to 104 percent . Taking 
into account the usual uncertainties in the analysis ’ it may be concluded that the proposed 
method has a high degree of accuracy and reliability . 
Table 4.4a Recovery results ofCMD specimens ofalunite „ 
“_WWWWWWWtfMWWVWVWtfW_ MWWVWVW_IWWWWWWK>WWWVVWVWWMV>ftWWWWWWWWWWWWUWauUUUUWWUVUWUU 
Sample code Recovery (%) —— 
M1201 102.2(0.78) 
M1203 99 (1.4) 
M1209 101 (1.5) 
M1225 99 ( 1 ^ 
J-T X. X Ji^da^  ^  一 _^ _^^_^_^j_^^^ _^j^ _^^_^j^_^j_H>^ y^^y^yy^yy^yyif><VwwwM*<wwwwwvwvyWWWMVWVVWVWWVWVWWVWyWW<mnjUUUUU^UUli 
“歸、、教洲歸>*€€*^*^魏、、>€^*€^簡^€^^***^州、^*****^商、、、^^^**^糖省"**********歸*"*^**^*^*、、狄"^*^**^输:賴穩: \ , I • • C^ . 1 . • I * . 
a Average value ofthree measurements and the relative standard deviation ot the tnphcate 
results in percent shown in the parentheses 
Table 4.4b Recovery results of CMD specimensofgypsum _ ^ _ _ 
V«J!LJ!:i^ tCu«»UUM««W«V««««»U«««««>««~«~Oi»»««<«"~«~">~"~>«»»*«»~«"~"""»*«~""""*~**~"*""*~*~""*~""~"*~"~"~"**"^ *"**"^ *^ **!；^ *^""*™" 
Sample code ..„••••.R?£9y.?a...(^) 
• — ^ 3 98.2 (0.79) 
M0409 101 (1.3) 
M0414 98.1 (0.66) 
M0416 98 (1.0) 
M0422 98.8 (0.59) 
M0425 — — --" -^^ ""^""" 
Table 4.4c Recoveiyjgg[j^g^gj[g^gLaSSHBgSigLlgiE>>>>^^^^__™ 
Sample code ?555Y5QLi?:^ L™„»-^  
-" -^piW™" 971 (0.49) 
M1703 99 (1.1) 
M1709 101.9(0.64) 
M1712 ―…--• - • •^MJHI 
_ _ . 二 二 __~<vv»««> 
Table4.4d Recovery results^_oj_gMiESSiH;gSg:^!iSiafeil!!g^.i)..andthenardite(M15) 
“州*^^4蘭^***^^咖減*^^*^***嫌"^*^、*.，蘭仇供, n /f t /�a 
Sample code ^^S^^^fmA3 
^ M l ^ ^ — ^ % ^ 
M1404 98.2 (0.93) 
M1407 104(1.¾ 
M1408 102(1.3) 
M1503 98 (1.0) 
M1 c 14 100 (1.4) 




Table 4.4e Recovery results of CMD specimens ofkaolin 
j^uuuummfTAmvLvmmmuinnnnrvwwf ^ A^,_>uuouuuo^^uuuuwM^u^ow^u^uowuuiAA^i^w^ t^^i^^ >^A^owtiww^Aiwwwwwwwwwwvwwvwwvwwwwwwwwwwvwwwwwww^v^vwvwvw 
Sample code Recovery (%” 
‘"―^FMVm ‘ 98.4^.96) 
^^j^j^„„nj^nni^nntn^i，iuu^:~>:r>nnnnnnr“””>rLfWWvwvvwLnnnjtrLwmAnnnnAAiWwwwwuvuwininr"nnnnnnnfvvrnAnnnnfwwTnnnfwwuvTnAnnr^~unjwuAw^vwuuuij^Annnnnnnnnnrrnnn” 
4.3.4 Precision studies 
The precision ofmeasurements was studied by continuously scanning the spectrum 
of the same pellet ten times . The precision of the proposed method was assessed by 
scanning ten different peUets ofthe same batch of CMD specimens The results of the 
precision tests are shown in Table 4.5 . 
Table 4.5 Result of precision studies 
CMD type For measurements For the proposed method 
Content*，% Precision %^  Content* , % Precision % 
Alunite 101.1，101.2, 100.9, ~ ~ ~ ^ 101.5, 100.2, 101.9, L6 
(M1225) 101.1，100.9, 101.0, 98.36, 98.74, 99.25， 
101.3，101.0, 101.0， 101.8, 100.5, 103.1， 
101.2 102.4 
Mean=101.1 Mean=lQ0.8 
Gypsum 97.55, 97.54, 97.79， 0.086 96.04, 99.32，100.3 , 2.0 
(M0416) 97.58，97.56，97.73, 101.8，100.8, 97.52, 
97 59, 97.57, 97.64， 97.44, 98.83，96.02, 
97.56 97.40 
Mean = 97.61 Mean = 98.55 
1 ^ ~ 96.88，96.28, 96.45, ~ ^ ~ " 96.84, 96.80, 95.97， 1.1 
ffM1701) 96.27, 96.48，96.35， 99.29, 98.30，97.20, 
96.62, 96.15, 96.78， 96.25, 96.41’ 96.08, 
96.53 98.08 
Mean = 96.48 Mean = 97.12 
Mirabilite 97.41, 97.45, 97.40, 0.17 101.2, 100.5，98.02, 1.4 
(M1514) 97.37，97.43, 97.55, 97.21，98.57，97.41， 
97 48 97.46, 97.00， 98.52, 97.36, 99.27， 
97.63 97.16 
Mean = 97.42 Mean = 98.52 
1 ^ 94 60, 94.48, 94.68, 0.22 96.85, 95.48，95.17, 1.1 
(M1712) 94.59, 94.56, 94.58, 95.00, 96.06, 94.05, 
94 25 94.47, 94.07, 94.89, 95.12, 93.05, 
94.16’ 93.87 
Mean = 94.45 Mean = 94.95 
* content expressed as percentage oflabel claimed value 




It can be seen that the RSD for the repeated measurements were all less than 
0.30% ’ which indicated that the FTDl spectrometer and our quantitative HlQA software 
could yield highly reproducible results . The RSD for the proposed method were all less 
than 2.1 % , which showed a high degree of precision of the proposed method . 
4.3.5 Determination ofthe major components in the CMD specimens 
The contents of aluminum potassium sulfate , calcium sulfate , kaolin ’ sodium 
sulfate and talc in six types ofCMD specimens were determined by the proposed method 
The assay results of the CMD specimens are presented in Table 4.6a to 4.6e 
There were close agreements between the results obtained using the proposed method and 
those using the respective titrimetric or gravimetric methods coUected as the official 
quantitative methods [1] , the deviations being generally less than 4% , indicating the 
accuracy ofthe proposed method for the assay ofthe CMD specimens 
Table 4.6a Assay results of CMD spggigjgg^jg£gagHE 
S a m ^ 一 Proposed method Titrimetric method 
code Content*, % Mean, Content*,% ^ 
M0403 99.98 99.8 97.1 
100.5 (0.87) 
98.80 
M0409 97.09 97.3 98.5 
97.89 (0.59) 
96.77 
M0414 98.87 98.1 95.7 
97.25 (0.83) 
98.23 
M0416 98.52 97 96.9 
97.29 (1.1) 
96.30 
M0422 99.89 100.0 96.9 
99.33 (0.70) 
100.7 






^^ j^]^ ]^ j^ j|^ j^^ j^ !^[j^ ^^ j^ j^ jJ^ 3^^ f. • »^  »f^ j^  jj9|^ pjQ]^ (^^ ^^  - -^ £ ^ -^ -^ ?^.^ .?,?^  • ff!L!!S^!9ju*^A^u>iuw>*^ouuut^uuw^tAAiWWWWWVWWWW^^WWWWWWWWWWWWWWWWWHVWWWW BWWWWWW/^  
Sample code Content*，% Mean 
" m m T '"^^M 96.9 
96.14 (0.89) 
97 85 
-»»»«n»w»»««»>l»»«««ww>»«»»v»w*»v»»«n««w»«"»v»»>~"W"»»»»»»»»""«~«»v»»»^~««~«^ »^»»»~*"«*»~"»»»~**»"~>~"»"~"»*~*~*~**~*>""*~_"*>""**~^~*"*“^-*"~**~***~__*^"*~"*^~"**~*"_**_*****"***"  «vvv«vw 
Table 4.6c Assay results of CMD specimens of alunite 
^^^^j^ r^^nnnruw>fmAmnfiAnnnftnfiftmnnnmnnnnrLminfWLnnrLfWLnAAAfjLWLrLnnmnnnftfLfLruwLftrAAr-、.”ft““"“"“.""_" 
Sample Proposed method Titrimetric method 
code Content* , % Mean' C9?t?M*..'...?:f?!…….… 
"m201 98.89 99A 102.8 
99.82 (0.47) 
99.45 
M1203 100.7 99.8 101.5 
99.69 (0.85) 
99.01 
M1209 97.41 99 97.4 
99.68 (1.3) 
99.60 
M1213 98.53 98.8 102.7 
98.89 (0.25) 
99.00 




* Content expressed as percent oflabei claimed value . 
"Average value ofthree determinations and the relative standard deviation ofthe triplicate 
results in percent is shown in the parentheses • 
^Average value ofthree determinations . 
T[^ @]^ l<^ j*gf j�$g_$y__Y_$n$yl$n¥_„9i£j^ |yj^ „n-，P-P9»i??j:fj[^ L^^ jLlSiS>M^ x^_^<w^ww^**^*>«*W«^"*>^ *^>^ *»^ **>^***"*^ ,^>"""""^A~"^ "^ *********^ "^ *^**""*>^、_^ "_**^_ 
" i ^ i T c o d e C5?^?5t’..-” M?.??! 
m^ir/di ^ i i 96 
96.68 (1.5) 
96.39 
M1703 94.22 ^3 
91.54 (1.5) 
93.76 
M1709 93.50 94 
94.07 (1.0) 
95.30 
M1712 92.21 94 
95.00 (1.9) 
95.63 — 
-••_••nnnf^flnn»J^LnfLnn^ *^pu^nfLm^nr^fw^ftf^ W^L,^ ,^••*^_•.••_••__•^******************************^*^************************^ *^^ *^**^**********^**^****•*^^^ "^^ "^"*"^ "^"*"^ "^^^^ "^"^  wwuuinnnnnnr>nnnrmnnnnnfnftft n"RM*RW^ ,^***^ ,,,,,__***".,"""'ui 
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j : a y i i 5 i J s i s a d ! J t 5 ^ 2 t 2 s ^ S i E S S i H i s s i 2 f s i j a ^ M M i i a l E ! J s a s ^ M l ^ ) — — 
Sample Proposed method Gravimatric method 
code Content*, % M e ^ ' ^；95幽*.??^ ?: 
"MT403 9T69 97 98.4 
96.19 (1.0) 
98.08 
M1404 97.91 97.4 98.9 
97.85 (0.86) 
96.43 
M1407 97.81 98.1 98.5 
98.19 (0.21) 
98.15 
M1408 98.27 97.7 98.6 
97.95 (0.68) 
96.99 
M1503 96.98 97.6 99.1 
98.11 (0.58) 
97.64 
M1513 98.48 97 100.2 
97.21 (1.1) 
96.36 
M1514 97.66 97.9 98.8 
99.01 (0.97) 
97 18 
I II … — 
^Average value of two determinations . 
4.3.6 The effects of KBr weights on the quantitative analysis 
As it is very difficult or impossible for routine analysis to make the weights of 
potassium bromide be exactly the same for every pellets , Hence , it is desirable to 
quantitatively examine the effect ofthe weight of potassium bromide on the results of the 
quantitative analysis . In the experiment designed for the purpose，the weight range of 
potassium bromide was from about 0.15 to 0.3 g . The baseline was corrected using a 
blank pellet made from about 0.23g KBr . The three blank KBr pellets described in Table 
4 7 were scanned， both zero-order and first-order derivative spectra were taken , and 
the results are shown in Table 4.7 . It can be seen that the background absorption of 
potassium bromide do not vary significantly with weight range of 0.15-0.30 g for both 
types of spectra . The effect can be greatly minimized by the technique of derivative 
spectra It is possible to control the weight of potassium bromide to be in the 0.15 to 
202 
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0.30g without difficulty，making the proposed DISPE method suitable for routine 
analysis. 
Table 4.7 The absorption intensities of different weights ofKBr blank pellets 
The baseline was corrected by 0.2254g ofblank KBr pellet 
-_imi'iM,innn-rrnrr-rr-T-r — « w K - K ^ 
Pellet 1 Pellet2 P e M . l 
" ^ M w ^ i S g 0.1502 0.2247 ^3017 
A ^ J A ^ ' 0.0010/-0.0010 0.0010/-0.0030 0.0040/-0.0010 
(dA/dv) l(dA/dv) . ^ 0.0002/-0.0003 0.0003/-0.0003 0.0003/-Q.0006 
__->__」」」丨丨丨.丨丨丨丨丨丨丨丨,,,n,-n,-iM-n----
a Both maximum and minimum absorbances were determined in zero order JR spectra 
b Both maximum and minimum derivative absorbances were determined in the first 
derivative IR spectra. 
4.4 Conclusion 
The above study indicates that the proposed DISPE method is a reliable and 
accurate method for Hl solid quantitative analysis . The beauty of the method is that the 
internal standard is introduced externally and is not introduced into the base mixture for 
making the peUets . The whole determination is very easy and fast With the proposed 
software , the data processing for theDISPEmethod is veryeasyandefficient 
The proposed method for the determination of six types of CMD specimens 
serves only as an example on the application ofthe DISPE method for the analysis ofthe 
CMD specimens . No the quantitative method for the determination of talc and kaolin are 
collected in the pharmacopoeia . The proposed method may be used for the quality control 
for these two mineral drugs . With further development, it is possible to use the DISPE 
method for the more determinations 
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CHAPTER 5 
DETERMINATION 
OF IRON-CONTAINING SPECIES 
IN INORGANIC MIXTURES 
USING THE PROPOSED DISPE METHOD 
5.1 Introduction 
]xon has long been known and used by man and its was produced more than all 
other metals combined [1]. Iron plays an important role in the chemistry of living 
organism being found at the active center ofmany biological molecules • The importance 
of iron chemistry in geological，environmental，metallurgical，industrial catalytic and 
biological contexts makes its understanding offundamental significance [2]. 
The most obvious of the problems confronting the analytical chemist is the 
specification of iron into the iron(E) and iron(m) [3]，and many attempts have been 
made. 
One method is to determine total iron in iron(E) and iron (ffi) mixture [4] using 
disodium edetate as titrant. 
A simultaneous polarographic determination of ferrous，ferric，and total iron was 
proposed by Beyer et al. [3] • Some organic reagents can react with iron(E) or iron (ffi) to 
form complexes，which were used to determine iron(E) or iron(m) by UV methods [5-8]. 
The disadvantages ofthese methods were that they either involve an extraction procedure 
or are associated with interferences from many other metal ions . Extractive 
spectrophotometric determination of iron(H) was developed by Takaoka et al. [9] with 
good sensitivity and relatively good selectivity • A UV method for the determination of 
iron (H) in the presence of large amounts of iron(m) was proposed by Krishnamurti et al. 
[10] Various commonly occurring ions did not interfered with the measurement • An 
indirectly turbidimetric determination FeSi in the presence of FeS was explored by 
Brecquue et al. [11] • 
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However，all these methods could only give the concentration of the ions and 
could not give information about the nature of the compound • The uniqueness of JK 
spectrum is its high degree of specificity，which leads to the high selectivity in solid 
determinations . It has been indicated the analytical method of obtaining the information 
on a molecular level will become one of the most important methods of environmental 
control in the nearest decades [12] . We proposed to use derivative JK spectrometry to 
determine iron-containing species in inorganic mixtures • 
The method and the software described in this Chapter are the same as described 
in the previous Chapter • 
5.2 Experimental 
5.2.1 Instrumentation and settings 
5.2.1.1 Apparatus 
A F m spectrometer model Nicolet 205 with a DTGS (Deuterated triglycine 
sulfate ) detector was used for measuring the spectra . 
The others were the same as described in Section 4.2.1.1 . 
5.2.1.2 Instrumental settings 
The derivative spectral parameters were set as follows : 
Gain: 1 
Resolution: 8 c m ] 
Scan number : 120 times 
Apodization: Normal 
The first derivative : Points 9 
The second derivative : Points 9 
5.2.2 Computer program 
The proposed quantitative software described in Chapter 3，TRQA, was used to 
process the derivative spectral data • 
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5.2.3 Reagents 
Potassium bromide was of spectroscopy-reagent grade • FeO，Fe2O3，Fe3O4， 
FeOOH，FeS，FeSi and iron powder were ofhigh-purity reagents . All other reagents 
used were of analytical-reagent grade . 
No reagent pretreatment was necessary except that all the reagents were heated at 
105 0 to constant weights before use. 
5.2.4 The preparation ofstandard mixtures 
The procedure for preparing the mixtures containing potassium bromide and 
various standards was the same as described in Section 4.2.6 • 
The guide-line for selecting the weight range of each standard was that 
absorbance observed should be in the range from 0.1 to 1.3 at the respective 
wavenumbers for measurements • 
The details about the preparing the three standards，FeS2，Fe2O3 and FeOOH ,are 
shown in Appendix E-6 . 
5.2.5 The preparation ofhomogeneous synthetic mixture (SM) 
Six types of homogeneous mixtures were prepared as synthetic inorganic 
mixture containing iron • Each type of mixture was prepared to contain different 
ingredients with various proportions of the components ofinterest，as follows : 
(1) the ratios of the various components were changed to observe their mutual 
interference , if any ； and 
(2) the absorbances of peaks in the zero spectrum of the pellet were kept in the range 
from 0.3 to 1.1 at the wavenumbers of measurements . 
The procedure ofpreparing the synthetic mixtures was the same as that in Section 
4.2.6 . 
The details about the components of the six homogeneous synthetic mixtures， 
SM1，SM2，SM3, SM4, SM5, and SM6 are shown in Appendix H-T . 
5.2.6 The procedure for preparing KBr pressed-pellet 
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The procedure for preparing KBr pressed-pellet was the same as that described in 
Section 4.2.7. 
5.3 Results and discussion 
5.3.1 The zero-order and the first/second derivative IR spectra of the 
synthetic mixtures 
The zero-order and the first/second derivative spectra of synthetic mixtures are 
shown in Figures 5.1 a to 5. 6b • 
Unfortunately ’ for two component mixtures it is not always possible to find a 
wavenumber for the measurement of the JR spectrum of one component where the other 
is sufficiently transparent when the zero-order spectrum are employed，and the chances 
ofdirect measurement diminish as the complexity ofthe mixture increases • It can be seen 
that determination of the amount of the components of the mixtures by directly lR 
measurement at its characteristic wavenumber should give an erroneous result when the 
peaks overlap . lt can be seen that from the derivative spectra of the mixtures that the 
advantages of the derivative spectra are an increase in the resolution of overlapping 
spectral bands and improvement in the detectability of minor spectral features . The use of 
derivative technique in spectrometry do open up new possibilities for the resolution of 
mixtures [13]. The proposed derivative method certainly can be used to resolve the 
synthetic mixtures . 
5.3.2 Regression equations 
The regression equations were obtained by regression ofthe ratio ofthe derivative 
of the analytes to that of the internal standard against the corresponding weights of 
standards in the pellets • The weight of each analyte was determined from the individual 
regression equations . 
For each of the analyte under study ’ the regression equation was obtained using 
the proposed HlQA software . The details about the data for regressing the equations are 
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shown in Appendix H-8 and the regression equations is shown in Table 5.1，and the 
calibration graphs are shown in Figures 5.7a to 5.7f，respectively • The derivative JR 
spectra for the calibration graphs are shown in Figures 5.8a to 5.8f，respectively • 
The correlation coefficients for the regression equations were all found to be 
betterthan0.9990. 
Table 5.1 The briefform ofthe regression equations for determination ofthe weights in 
the SM1, SM2, SM3, SM4, SM5 and SM6 
Regression equation Ratio = a + kw 
bt.ndard* l/to/o** |Slope(^) M e r c e p t ( g I ^ _ ^ W R (mg) 
^ ¾ ¾ " ^ 及2�460麟61 丨 C.3.o,.s.so~l-487 0.05212 0.9993 0.38-L5 
F e 2 O 3 ( S M 2 ) ~ " 及 2 � 細 1 1 1 M 7 4 3 . 9 2 , 7 2 4 " ^ ^ ^ Q : g g g ^ ^ 0 . 1 6 - 0 . 6 5 
^ ^ ^ 0 ¾ -及1从5 2 4 . 6 5’侧5 / M i 4 5 7 4 , i " : ; 7 ^ ^ ^ _ _ 0 ^999 |0.16_0.65 
^ i 5 5 5 ^ ^ ^ i ^ i M _ _ / M i 4 5 7 : ^ ^ ^ : g g ^ � ^ : ^ ^ ± L ^ 
P ^ 5 5 S ^ i e i M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _ j ^ ^ ^ ^ g ^ 0 . 0 1 1 9 1 0.9994 0.26-1.0 
口 o . o ^ . x - ^ T ^ ^1.242 0.01152 0.9998 0.37-1.5 
FeS2(iSM0) A M704.76,723.49Z ^^ 4^42.60,423.94�山 J 
* The determined homogeneous synthetic mixtures shown in the parentheses 
“，The ratios of derivative values of standards to those of PE film，and the notation 
described in Sections 3.3.1.2 and 3.3.2 . 
a ,Ratiosofcorrected peakareasof standard (wavenumber range from 424.61 0 460.16 
cm_i)to those ofintemal standard，PE film (wavenumber range from 713.90 to 765.50 
cm'^)in the second derivative spectra . 
b，Ratio ofcorrected derivative absorbance ofstandard (wavenumber range from 477.11 
to 504.95 cm_i)to that of intemal standard (wavenumber range from 724.07 to 743.92 
cm.i)in the second derivative spectra . 
� R a t i o f corrected derivative absorbance of standard ( wavenumber range from m . 0 5 
to 524.65 cm_i)to that ofintemal standard (wavenumber range from 1457.4 to 1474.3 
cm'^)in the first derivative spectra • 
d，linear working range 
5.3.3 Recovery studies 
The recovery of the proposed method was studied by adding known amounts of 
the standard of measured component to each type of the SM specimens • Results of the 
recovery tests are shown in Tables 5.2a to 5.2f • The range of recovery was found to be 
from 98 to 105 percent . Taking into account the usual uncertainties in the analysis，it 
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may be concluded that the proposed method has a high degree of accuracy and 
reliability • 
Table 5.2a Recovery results of SM1 specimens of FeS2 
Sample code higredient Recovery (%)^ 
SMl-2 FeS2+FeS 102(1.4) 
SMl-3 FeS2+Fe 98 (1.2) 
SMl-4 FeS2+FeS+Fe 103(1.1) 
a Average value ofthree measurements and the relative standard deviation the triplicate 
results in percent shown in the parentheses. 
Table 5.2b Recovery results of SM2 specimens of Fe2O3 
Sample code higredient Recovery (%” 
SM2-2 Fe2O3+FeO 101 (1.6) 
SM2-3 Fe2O3+FeO 101(1.2) 
SM2-4 Fe2O3+FeO 99 (1.8) 
Table 5.2c Recovery results of SM3 specimens of Fe2O3 
Sample code higredient Recovery (%)^ 
SM3-2 Fe2O3+FeS2 101.9 (0.97) 
SM3-3 Fe2O3+FeS 99 (1.6) 
SM3-4 Fe2O3+FeS2+FeS 102 (1.0) 
Table 5.2d Recovery results of SM4 specimens of FeOOH 
Sample code higredient Recovery(%/ 
SM4-2 FeOOH+Fe2O3 98.9 (0.80) 
SM4-3 FeOOH+FeO 102.0(0.68) 
SM4-4 FeOOH+Fe3O4 102.3(0.93) 
SM4-5 FeOOH+Fe2O3+FeO+Fe3O4 99 (1.1) 
Table 5.2e Recovery results of SM5 specimens of FeOOH 
Sample code higredient Recovery (%)^ 
SM5-2 FeOOH+FeS2 99.6 (0.75) 
SM5-3 FeOOH+FeS 104.3 (0.69) 
SM5-4 FeQQH+FeS2+FeS 102 (1.6) 
Table 5.2f Recovery results of SM6 specimens of FeS2 
Sample code higredient Recovery (%)' 
SM6-2 FeS2+FeO 102 (1.6) 
SM6-3 FeS2+FeO 104 (1.5) 
SM6-4 FeS2+FeO 102.3(0.65) 
5.3.4 Precision studies 
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The precision of measurements was studied by continuously scanning the 
spectrum of the same pellet ten times . The precision of the proposed method was 
assessed by scanning ten different pellets of the same type of SM . The results of the 
precision tests are shown in Table 5.3 . It can be seen that the RSD for the repeated 
measurements were all less than 0.60% ,which indicated that the FTIR spectrometer 
and our quantitative software could yield highly reproducible results . The RSD for the 
proposed method were all less than 2.0 % ,which showed a high degree of precision of 
the proposed method . 
Table 5.3 Result oforecision stud' 
SMtype For measurement F or the J2roJ2osed method 
Content*, % Precision %g Content*, % Precision %g 
SMl-4a 100.8, 100.9, 100.6, 0.33 102.1, 102.2, 101.2, 1.8 
101.4 ,100.8, 100.8, 100.2, 101.6, 101.9, 
101.5, 101.3, 101.4, 99.45, 98.60, 98.41, 
101.4 97.12 
Mean = 101.1 Mean = 100.3 
SM2-4b 97.98, 99.05, 99.10, 0.36 96.25, 97.17, 99.70, 1.5 
98.77, 99.00, 98.62, 100.2, 97.49, 98.88, 
98.55, 98.63, 98.27, 98.10, 96.27, 96.82 
98.50 95.84 
Mean = 98.65 Mean = 98.26 
SM3-4c 99.00, 98.80, 98.73, 0.20 100.9, 101.4, 100.4, 1.7 
98.84, 98.93, 98.79, 99.20, 100.2, 101.5, 
98.54, 98.63, 98.55, 98.41, 99.72, 97.64, 
99.16 Mean = 98.80 96.20 Mean = 99.56 
SM4-5d 99.37, 99.36, 99.39, 0.063 98.45, 99.25, 100.5, 1.8 
99.29, 99.37, 99.23, 101.4, 102.0, 101.6, 
99.30, 99.31, 99.22, 102.8, 98.19, 99.25, 
99.24 97.33 
Mean = 99.31 Mean = 100.1 
SM5-4e 101.5, 101.4, 101.3, 0.27 100.2, 98.42, 99.25, 1.6 
101.4, 101.2, 101.1, 102.0, 101.4, 100.3, 
101.1, 100.6, 100.8, 100.5, 98.01, 97.25, 
101.0 98.45 
Mean = 101.1 Mean = 99.58 
SM6-4t 102.2, 101.9, 101.1, 0.53 100.4, 101.8, 100.9, 1.5 
102.1, 101.6, 102.4, 99.35, 99.08, 98.04, 
102.0, 102.5, 102.0, 101.1, 101.7, 98.17, 
101.0 98.07 
Mean = 102.0 Mean = 99.86 
aThe ingredient ofSMl-4 is FeS2+FeS+Fe. 
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bThe ingredient ofSM2-4 is Fe2O3+FeO . 
CThe ingredient ofSM3-4 is Fe2O3+FeS2+FeS . 
djhe ingredient ofSM4-5 is FeOOH+Fe2O3+FeO+Fe3O4 • 
®The ingredient ofSM5-4 is FeOOH+FeS2+FeS . 
fThe ingredient of SM6-4 is FeS2+FeO . 
^The relative standard deviation in percent of ten replicate determinations ofthe SM . 
* content expressed as percentage oflabel claimed value • 
5.3.5 Determination ofiron-containing species in synthetic mixtures 
The contents of FeS2 ’ Fe2O3 and FeOOH in six different types of synthetic 
mixtures were determined by the proposed method，and the assay results are presented 
inTables5.4ato5.4f. 
There are elosc agreements between the results obtained using the proposed 
method and the added，and the errors were generally less than 3% • The results indicated 
that the mutual intereferences from the iron-containing species are not significant，where 
the total number of components in mixtures were from two to four • Even in the more 
complex cases，the results show that the accuracies are still good enough for the 
determination of the iron-containing specimens • 
Table 5.4a Assay results of FeS2 in SM1 
Where the weight 0fFeS2 in was determined using regression equation 1 
Sample* higredient Added v " ^ Found Percent of added value 
code FeS2 mg/g % M555! 
• " ^ X ^ ^ f S T 2 3 ^ ^ ^ 二 
B FeS2 99.63 (0.20) 
C FeS2 99.27 
SMl-2-A FeS2+FeS 2.270 101.7 100 
B FeS2 +FeS 100-1 (1.6) 
C FeS2 +FeS 98.53 
SMl-3.A FeS2+Fe 2.309 101.1 101 
B FeS2 +Fe 100.6 (1.0) 
C FeS2 +Fe 102.6 
SMl-4-A FeS2 +FeS+Fe 2.289 99.11 100 
B FeS2 +FeS+Fe 101.6 (1.5) 
C FeS，+FeS+Fe 2 i22 
_a，Average Wue ofthree determinations ’ the relative standard deviation of the triplicate 
results in percent is shown in the parentheses . 
*，The components ofthe homogeneous synthetic mixtures shown in Appendix H-7 • 
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Table 5.4b Assay results of Fe2O3 inSM2 
Where the weight of Fe2O3 was determined using regression equation 2 ^ 
Sample Ingredient Added value Found Percentofaddedvalue 
code Fe2O3 mg/g % M??5! 
SM2-l-A Fe2O3 1.910 99.01 99.3 
B Fe2O3 99.88 (0.54) 
C Fe2O3 98.92 
SM2-2-A Fe2O3+FeO 1.594 101.4 100 
B Fe2O3+FeO 97.87 (1.8) 
C Fe2O3+FeO 100.6 
SM2-3-A Fe2O3+FeO 1.258 99.06 98.9 
B Fe2O3+FeO 98.73 (0.18) 
C Fe2O3+FeO 98.98 
SM2-4-A Fe2O3+FeO 0.9582 100.5 100 
B Fe2O3+FeO 101.7 (2.1) 
C Fe2O3+FeO 97.57 
Table5.4c AssayresultsofFe2O3 inSM3 
Where the weight ofFe2O3 was determined using regression equation 3 
Sample higredient Added value Found Percentofaddedvalue 
code Fe2O3 mg/g % M?an! 
SM3-l-A Fe2O3 1.824 100.5 9 ^ 
B Fe2O3 99.99 (0.84) 
C Fe2O3 98.87 
SM3-2-A Fe2O3+FeS2 1.282 103.1 102 
B Fe2O3+FeS2 100.5 (1.4) 
C Fe2O3+FeS2 102.6 
SM3-3-A Fe2O3+FeS 1.258 97.05 98 
B Fe2O3+FeS 100.3 (1.8) 
C Fe2O3+FeS 97.30 
SM3-4-A Fe2O3+FeS2+FeS 1.232 100.2 99 
B Fe2O3+FeS2+FeS 100.4 (1.4) 
C Fe2O3+FeS2+FeS 97.80 
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Table 5.4d Assay results of FeOOH in SM4 
Where the weight ofFeOOH was determined using regression equation 4 
Sample bigredient Added value Found Percent of added 
code FeOOH mg/g % value M e a n ^ 
SM4-l-A FeOOH 2.434 98.68 99 
B FeOOH 100.2 (1.4) 
C FeOOH 97.43 
SM4-2-A FeOOH+Fe2O3 2.260 99.01 101 
B FeOOH+Fe2O3 101.9 (2.0) 
C FeOOH+Fe2O3 102.7 
SM4-3-A FeOOH+FeO 2.255 100.5 101 
B FeOOH+FeO 102.1 (1.2) 
C FeOOH+FeO 99.80 
SM4-4-A FeOOH+Fe3O4 2.111 99.99 100 
B F e O O H + F e 3 O 4 1 0 0 . 7 ( 1 . 0 ) 
C FeOOH+Fe3O4 98.63 
SM4-5-A FeOOH+Fe2O3+FeO+Fe3O4 2.086 101.8 100.7 
B FeOOH+Fe3O4+FeO+Fe3O4 100.2 (0.93) 
c FeOOH+Fe3O4+FeO+Fe3O4 100.1 
Table 5.4e Assay results of FeOOH in SM5 
Where the weight of FeOOH was determined using regression equation 5 
Sample iigredient Added value Found Percentofaddedvalue 
code FeOOH mg/g % Mean" 
" ^ i : X " " " T ^ 5 5 5 ^ 101.9 — i ^ 
B FeOOH 102.0 (1.3) 
C FeOOH 99.63 
SM5-2-A FeOOH+FeS2 2.101 98.69 99.6 
B FeOOH+FeS2 99.87 (0.79) 
C FeOOH+FeS2 100.2 
SM5-3-A FeOOH+FeS 2.130 102.1 101.9 
B FeOOH+FeS 101.6 (0.26) 
C FeOOH+FeS 102.0 
SM5-4-A FeOOH+FeS2+FeS 2.042 101.4 100 
B FeOOH+FeS2+FeS 100.9 (1.3) 
C FeOOH+FeS2+FeS 98.91 
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Table 5.4f Assay results of FeS2 in SM6 
Where the weight of FeS2 was determined using regression equation 6 
Sample Ingredient Added value Found Percent of added value 
code FeS2 mg/g % M ^ 
SM6-l-A FeS2 3.533 103.2 102 
B FeS2 101.9 (1.0) 
C FeS2 101.4 
SM6-2-A FeS2+FeO 2.771 99.03 100 
B FeS2+FeO 101.6 (1.3) 
C FeS2+FeO 99.78 
SM6-3-A FeS2+FeO 2.363 98.74 98.7 
B FeS2+FeO 99.23 (0.57) 
C FeS2+FeO 98.11 
SM6-4-A FeS2+FeO 1.617 99.69 101 
B FeS2+FeO 100.5 (1.8) 
C FeS2+FeO 103.1 
5.3.6 The uniformity of the KBr pressed-pellet 
Because the infrared beam does not cover the entire pellet，the use of sample 
weight as a content factor requires a homogeneous dispersion of sample in the matrix to 
realize fully the accuracy and precision of determinations [14-15]. It has been reported 
that inhomogeneity of sample was one of main possible errors [16] . Hence，the 
homogeneity of samples in the KBr pellets was examined . For this purpose，a KBr 
pellet holder [Figure 5.9] was so designed such that it can be tumed through 360 °and 
moved in the vertical direction . With the specific holder， the KBr pellet was 
systematically rotated and the spectrum was scanned • Ferric hydroxide was chosen as 
the tested sample . The results for the zero-order spectra determined are shown in Table 
5 5 It can be seen that the d，the difference between the maximum and minimum 
absorbances in six determinations，and SD varied significantly when the grinding time 
was changed from 30 to 90 seconds • However，d and SD changed little after grinding 
for 90 second or more，the d values were all less than 0.0080 • Considering the maximum 
difference in absorbance in the zero-order spectrum due to the different weights of 
potassium bromide shown in Table 4.7 in Section 4.3.6 was 0.0050，a value of 0.0075 
due to inhomogeneity in KBr of sample within the pellets may be considered acceptable. 
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Figure 5.9 The view of the turntable KBr-pellet holder 
* 
Table 5.5 The results for testing the homogeneity of ferric hydroxide in KBr pellet 
Grinding 613 cm'^* 798cm]* 906cm]* : 
Time sec. cf SD^ d^ SD^ d^ S D ^ _ 
^ 0.0101 0.0050 a0111 0.0053 0.0101 0.0052 
60 0.0084 0.0040 0.0079 0.0040 0.0088 0.0040 
90 0.0071 0.0031 0.0073 0.0042 0.0075 0.0037 
120 0.0069 0.0029 0.0071 0.0040 0.0075 0.0035 
* Peak wavenumbers of ferric hydroxide in zero order spectra . 
ajhe difference between the maximum and minimum absorbances in six determinations • 
^The standard deviation in six determinations • 
5.3.7 The effect of foreign metals and nonmetals on IR solid 
determination 
]n order to assess the effect of foreign metals and nonmetals on JK quantitative 
determination，the zero-order JR and the second derivative spectra of some metals and 
nonmetals were scanned with the FTTR spectrometer，and are shown respectively in 
Figures 5.10a to 5.14b • Some JK spectral data of these metals and nonmetals are shown 
inTable5.6. 
Table 5.6 The JR spectral data of some metals and nonmetals 
Name Weight ^ (mg) When^ cPA / dv^ < 0.0005 
giving Abs. = 0.2 the wavenumber range 
in the zero-order in second order spectra 
__ spectra ——— — ___ 
""^ ；^11；^ 1^——1了0—7—9——一— —— 2000-1643; 1437-1175; 678-428 
Antimony 0.28 2000-400 
Arsenic 0.28 2000-1680 ； 1593-721; 556-400 
Boron 0.54 2000-1390 
Carbon 0 062 2000-1490; 1343-915; 840-750; 615-400 
Copper 0.89 1287-736; 612-471 
Iron 4 1 2000-1053; 984-687; 621-400 
^Magnesium 2.6 2000-1676; 1578-684; 609-456 
Manganese 1.2 2000-1756; 1334-862 
Nickel 3.8 2000-735;618-475 
Selenium 0.75 2000-400 
Siliewi 0.35 2000-1646; 1606-1300; 1206-906; 834-478 
Silver 8.7 2000-400 
Xin 0.40 2000-912; 825-400 
Titanium 2.1 2000-400 
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Figure 5.14 b The second derivative spectra of silver (A),tin (B) and titanium (C). 
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b The wavenumber range where the second derivative absorbance is less than 0.0005 • 
c As it is difficult to ground these metals into fine powder to form a homogeneous 
mixtures, the weights are shown for reference only • 
It can be seen that although these metals and nonmetals do not produce apparent 
absorption peaks ’ they still cause the background absorption in their zero-order spectra • 
The absorptions in the second-derivative spectra of these metals and non-metals can be 
eliminated in some of wavenumber ranges • bi another word，if these metals or 
nonmetals is present in the matrix of the iron-containing species，the latter can be 
determined directly using the second derivative spectra in a suitable wavenumber range • 
5.4 Conclusion 
The above study serves as an example for the determination of iron-containing 
species in inorganic mixtures by the proposed DISPE method . The advantages of the 
proposed method have been demonstrated by the presented work • The approach is not 
only selective but also cheaper and less complicated in terms of assay procedure in the 
presence of some intereferences and prior separation is not necessary . The sigdficance 
of the approach is that different iron-containing species in inorganic mixtures can be 
determined using the proposed method .The determination can also be carried out in the 
presence of some foreign metals and nonmetals . 
It is anticipated that with more research in this area，many ofthe problems that 
have confronted the analytical chemists can be solved by the proposed method . 
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CHAPTER 6 
CONCLUSION TO PART II 
A new approach to the determination of solid samples by infrared spectrometry , 
namely ’ the derivative method using polyethylene as intemal standard (DISPE method) 
was proposed and developed . The beauty ofthe method is the intemal standard is easily 
introduced and has successfully overcome the obstruction for applying internal standard 
method to routine analysis . The method can be used when analyte's peak(s) is interfered 
by that of the intemal standard and vice versa . Regression equations have been 
developed for the method . 
An mQA software for general and the proposed DISPE quantitative method was 
developed and applied to the determination of real samples. The tedious and time-
consuming data process of JK quantitative analysis is replaced by the menu-driven 
software . Because much quantitative information in each determination is simultaneously 
obtained by the software , the system can efficiently help the analyst to choose better 
analytical parameters from the existing conditions 
The present work described the application of the DISPE method under the 
proposed quantitative software to analyses some Chinese mineral drugs and iron-
containing inorganic mixtures. The experimental results obtained from the above studies 
confirm the reliability of the proposed method and the developed quantitative software 
and demonstrate the advantages ofthe proposed method . It can be seen that the proposed 
method has the potential to be applied to more complex systems in the presence of serious 
interference without any prior separation ’ can be developed into a routine method for 
solid analysis with high accuracy and selectivity . 
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Appendix I for Part I 
Appendix 1-1 
Choosing the software of spreadsheet package 
The Lotus l-2-3(Version 2.2) was first chosen as the software of spreadsheet 
package in the proposed system . 
Lotus 1-2-3 is an appUcation package designed for JBM PC . The program is 
based on the spreadsheet principle and allows users to enter and manipulate quantitative 
information in the row and column of a worksheet . Lotus contains many "built-in" 
functions which can assist in the construction of formulas ’ especially the macro and 
advanced macro instructions . The advanced macros also have programmable steps ’ so 
logicaljudgment can be built into the macro performance . This is the reason why lotus is 
considered as a high computer language . 
In spite ofediting macro , especially advanced macro , requires programming skill 
and trial and adjustment of the macro are very time-consuming , Lotus is a flexible and 
powerfiil tool for manipulation of quantitative information and has been used in analytical 
chemistry [1-3]. 
During editing and running advanced macro , we have found that lotus has the 
following limitations : 
(1) one ofthe advantages ofLotus is its easy - to - use menu system，however， the 
number of application menu is limited and no more than eight choices can be used . 
Only eight choices is not enough for our research ； 
(2) the column number of criteria is limited to 32 and hence , the criteria of multiple 
logical formulas are greatly limited ； and 
(3) it is very difficult to adjust and read advanced macros . 
As Lotus is not suitable for the present work , we should look for other software . 
We was pleased to find that Quattro Pro not only has all the advantages and functions as 
22 
Lotus，but also Quattro pro has more powerful functions than Lotus . Quattro Pro was 
chosen as the software for subsequent work as it has the following advantages : 
(1) Quattro Pro does not limit the number of menu trees ； 
(2) Quattro Pro can set up 256 criteria when matching records . It is enough for our 
research ； 
(3) the macro can be edited and recorded in logical and menu equivalent style . In these 
forms ’ it is very easy for both adjusting and reading the advanced macros ； and 
(4) now Quattro pro is one of additional Softwares under Window making is very 
convenient for users. 
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Appendix II-2 
Selection of the coefficients for the definition of effective peaks 
1-2.1 For zero order IR spectra 
As mentioned in the Section 2.2.2.4-A , the coefficient b in Eq.2.7 and coefficients c 
and d in Eq.2.8 need to be determined in order that effective peaks can be defined . For 
this purpose polystyrene film was used for extemal calibration . 
A-To determine coefficient b 
The polystyrene film was scanned . From a typical lR spectrum of polystyrene as 
shown in Figure A.I.2.1 , the peak at 1600.7 cm'^  was assigned as the largest peak within 
the selected spectral region and that at 1774.8 cm"' the smallest peak . The absorbances at 
these two peaks were measured three times ’ and the average values indicated below : 
]max ( at 1600.7 cm-i ) and ^min (at 1774.8 cm_i) 
If the algorithm is just to exclude the peak at 1744.8 cm"^  and other peaks with 
absorbance </lmin 
i.e. Aep�Axnin 
From Eq.2.7 Aep�^mm. = bxAm^. (Eq.A.I.2.1) 
and b was found to have a value of0.1055 
b-To determine c and d 
Next it is necessary to find out the conditions for picking shoulder peaks • The 
inequality 2.8 for the inclusion of shoulder as effective peaks consists of two terms : 
cxAn^ is used to ensure that the height of the shoulder should have a basic value , and d is 
needed to improve the reliability of the coding of the shoulder peak 
Referring back to the spectrum of polystyrene，let Dep for the peak ( as defined by 
Eq.2.6 ) at 1311.4 cm"^  be denoted as Disn , and that at 1327.6 cm"^  as D1327 . It was 
initially proposed that the peak at 1311.4 cm"^  should be picked，if the following relation 
holds 
Di3ii-Di327 = cxA„.x (Eq.A.1.2.2) 
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Figure A.I.2.2 Show an example of a derivative JR spectrum . Selected as 
description of the logical judgments for the derivative effective 
peaks，2-21 and 2-22 equations . 
i • . 
Rearranging Eq.A.I.2.2 yields : 
Di3ii= cxAmax + Di327 (Eq.A.I.2.3) 
If the peak at Dun is just to be included as a effective peak , Eq.A.I.2.3 was slightly 
modified to account for the effect of the uncertainly in the absorbance measurements , 
which is 0.0001 for most FTIR spectrometers , as follows : 
Di3ii> cxAn,ax + Di327 "0.0001 (Eq.A.L2.4) 
comparing Eq.2.8 with Eq.A.I.2.4 , d in Eq.2.8 was given by : 
d 二 Di327 -0.0001 (Eq.A.I.2.5) 
and d was found to have a value of 0.0207 . The value of c can be determined by 
substituting known values o f D n n , D1327 and A a^x into Eq.A.I.2.2 and was found to 
have a value of 0.0029 . Eq.A.I.2.4 can be rewritten for picking an effective shoulder 
peak as follows : 
Dep> cxAn^x + d (Eq.A.1.2.6) 
1-2.2 For derivative IR spectra 
The logical judgments for the definition of effective peaks in the derivative spectra 
are the same as those for the zero order spectra . Referring to the derivative spectrum 
shown in Figure A.I.2.2, the peaks at A，C, F , G，H and I are generally picked as 
effective peaks by visual inspection . The peaks at B , D and E are also completely 
resolved and although their derivative absorbances are not great，their AD^ (defined in 
Eq.2.13 and Eq.2.18) are great enough for being selected as effective peaks . We have 
included inequalities Eq.2.15 and Eq.2.20 for these specific cases . Combining logically 
the general case with these specific case , the inequations ofEq.2.14 and Eq.2.15 will be 
used for picking effective peaks and the inequations of Eq.2.19 and Eq.2.20 for picking 
effective valleys . As will be shown later sections , the results of coding derivative spectral 
files in repeated trials are good 
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Appendix 1-3 
The detection of peaks 
A general method for picking peaks is to compare the slopes [4] ’ which is defined in 
chromatography as 
S= AV/AT (Eq.A.I.3.1) 
where S is the slope ofthe curve , AV is the difference of voltage in the time interval AT 
Similarly , we define the slope for JK spectra as 
S= AAy^ Av (Eq.A.I.3.2) 
This is the same as the difference quotient defined in Eq.2.24 . For simplicity, we use 
Eq.2.25 instead ofEq.2.24 . 
It is obvious that the sensitivity ofdetecting the difference quotient mainly depends 
upon the minimum value that the Av can reach . That is the issue of sampling frequency 
and is beyond the field of our research . On the other hand , the number of significant 
figures in the absorbance has some effects : the greater the number of significant 
figures in the absorbance , the more sensitive it is to detect the difference quotient is . 
In the communication ofJK spectra , there are 4 significant figures for absorbance in the 
ASCII format. Because YFACTOR=0.15259E-04 in JCAMP-DX [5], absorbance has at 
least 5 significant figures in the JCAMP-DX format spectral files When a JCAMP-DX 
file is changed into a exchange file , each absorbance is obtained by YFACTOR In the 
worksheet of Quattro Pro the numbers of absorbances can retain up to 15 places of 
decimals . Hence it is better to use JCAMP-DX than the ASCII format 
The difference quotient may be expressed in terms of the higher derivatives . For 
II 
example, the second derivatives , A i 啊 be defined as : 
A : = A \ . . - A \ (Eq.A.I.3.3) 
The first derivative is often used JR spectroscopy [6-8], where a change of sign 
ofthe first derivative ofthe spectrum indicates an extremum • The advantages of using 
the first derivative is that sudden changes or drift of the baseline are not detected as 
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peaks [9] ’ and that points of inflection where there is no actual change of the first 
derivative will not be detected . However , low and broad peaks are difficult to be 
detected by this method . Occasionally it may also miss small and broad bands . 
In general，the main disadvantage of the derivative method is its sensitivity to noise 
[9] so that the higher derivatives can not be employed alone for peak detection when the 
signal is noisy . It has been reported that because the signal-to-noise ratio in Hl spectra 
deteriorates upon differentiation of the signal，it precludes the use of even the second 
derivative [10]. 
We are faced with the problem in our research that if using only the first derivative , 
the results of picking broad peaks in ASCII format spectra are not be satisfactory and yet 
the second derivative is very sensitive to noise . Hence , to solve the problem we 
proposed to use both the first and the second derivatives in the judgments of picking 
spectral peaks as included in Eq.2.29 and Eq.2.30 . The validity of the two logical 
judgments can be checked using the following set ofspectral data . 
In the ASCII format spectral file 
Point No. I A (Absorbance) | A' | A" 
Point 1 0.2325 
0.0227 
Point 2 0.2552 0.0006 
0.0233 
Point 3 0.2785 -0.0233 
0 
Point 4 0.2785 -0.0373 
-0.0373 
Point 5 0.2412 
-0.0401 
Point 6 0.2011 
Where, j [ = A . . - A . and A：= A ： . , - A ： , 
It is obvious that there is a broad peak between point 3 and point 4 . If only the first 
derivative is used for detecting the peaks , this broad peak is surely missed by the 
judgment. Using ourjudgment in Eq.2.30, the broad peak is surely picked . The key of 
thejudgment Eq.2.30 is to avoid using the second derivative alone ’ as it combines the 
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first with the second derivatives . The two judgments will be shown are satisfied for 
picking peaks both zero order and derivative spectral data . 
The same set of spectral data in the JCAMP-DX spectral file after it is converted into 
the exchange file. 
In the exchange format spectral file of the JCAMP-DX 
Point No. I A(Absorbance) | A’ | A" 
point 1 0.23246 
0.02278 
point 2 0.25524 0.00051 
0.02329 
point 3 0.27853 -0.02334 
-0.00005 
point 4 0.27848 -0.03721 
-0.03726 
point 5 0.24122 
-0.04008 
point 6 0.20114 
It is obvious that the exchange file can detect the broad peak between points 3 
and 4 using the judgment in Eq.2.29. Although a JCAMP-DX file has improved the 
capability of detecting a broad peak to a certain extent , it is clear that Eq.2.30 
judgment is still needed for the exchange file . 
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Appendix 1-4 
Comparison of results using different interpolation methods 
The Newton ’s divided-difference interpolation method 
The Newton ,s divided-difference interpolation polynomial is expressed as foUows [11]: 
凡 ⑴ = P „ - , ^ c M ) (Eq.A.I.4.1) 
Using three points interpolation, the following is defined 
P , c„(2) = (X - x J ( x - 文产“…瓜，义 ] ( E q . A . I . 4 . 2 ) 
^ 2 一 ^ 1 
For simplicity of notation, we denote , 
^ = ^0 (Eq.A.I.4.3) 
^ 0 一 ^ 1 
B 二 :^ 1 (Eq.A.I.4.4) 
1^ — 0^ 
C = f i , ^ , , ^ i = y ^ (Eq.A.I.4.5) 
^ 2 一 ^ 1 
D = /i,。，iil = Z L ^ (Eq.A.L4.6) 
1^ — ^0 
E 二 C-D (Eq.A.L4.7) 
2^ — 0^ 
Now the Newton 's divided-difference interpolation polynomial is 
p^(x) = A(x - x,) + B(x 一 x,) + E(x 一 Xo)(x 一 xJ (Eq.A.L4.8) 
At peak point 
P 2 ( ^ m ax ) 二 0 (Eq.A.I.4.9) 
solving the equation, 
^ E ( x , + x , ) - i A ^ (Eq.A.I.4.10) 
max 一 2 E 
Substituting x = j c^ in the original equation, one can get 
P 2 ( U ) = A ( U ) + C2(‘） （EqA.I.4.11) 
The coordinates ofthe peak point are , 
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[Imax,A(Imax)] (EqA.L4.12) 
The quadratic equation approximation 
The quadratic equations used for the approximation are 
J0=^0+^1^0+^2^0 
< 乂 = a�+a^x^ + a^x^ (Eq.A.L4.13) 
y^^a^+a,x^+ay^ 
Solving the equations, ao, ai and a2 can be obtained : 
以。= y o - ^1^0 一 ^ 2 ^ o (Eq.A.I.4.14) 
… = ( ^ o - ^ i ) - ^ 2 ( X ^ X i ) (Eq.A.I.4.15) 
^ 0 一 ^ 1 
=少2(太0-乂1)+少产2-。+少0(太1-，-。 (Eq.AJ.4.16) 
‘ { x l ^ x ^ ) { x , - x , ) H x l ^ x l ) 
At peak point, 
^ O C m J = 0 (Eq.A.I.4.17) 
Solving the equation,义薩 can be obtained 
X = - i ,and (Eq.A.IA18) 
Amax 2a^ 
V =“0 +^i^max +^ 2^ Lx (Eq.A.I.4.19) 
“ max 
The coordinates of peak point are 
K . , > ^ . . ] (Eq.A.i.4.20) 
From the above derivations , we can see that the Newton's method is a 
rearrangement of the Lagrange interpolation , whereas the quadratic equation 
approximation is a special case of the Lagrange interpolation , for n = 2. Hence, the 
results obtained using three interpolation methods should be same , as can be shown from 
the results for coding the spectra of basic cupric carbonate , [CuCO3.Cu(OH)2]. The 
samples were measured by the spectrometer three times using different weights of the 
sample The JK spectra of the sample were converted to the JCAMP-DX files and the 
JCAMP-DX text files sent to a computer through RS-232 C interface of data 
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asynchronous . The computer received the JCAMP-DX text files under the PROCOMM 
software . The tables of the effective peaks can be produced by the peak picking 
algorithm . The coordinates of the effective peaks were then obtained using the three 
different methods of interpolation . The wavenumbers so obtained are shown in Table 
.A.I.4.1 and the absorbance results are shown in Table A.I.4.2 . 
Table A.I.4.1 The wavenumbers of the effective peaks obtained by three interpolation 
methods 
by Lagrange by Newton's by Quadratic 
interpolation interpolation interpolation 
" 1 ^ Wi^  W W ~Wi^ W / W3^  Wi^  W2^  w ~ 
1 429.10 — 429.42 “ 429.22 429.10 l 2 9 . 4 2 429.22 429.10 429.42 429.22 
1 524.32 — 524.47 523.80 —524.32 524.47 523.80 524.32 524.47 523.80 
1 581.72 583.03 581.62 ~ 5 % U n ~ 583.03 一 581.62 581.72 583.03 581.62 
1 753.22 753.40 "753.15 753.22 7 5 3 . 4 ~ 753.15 753.22 753.40 753.15 
"5 819.20 “ 819.30 "819.41 ^ 9 . 2 0 8 1 9 . 3 ~ 819.41 819.20 819.30 819.41 
~6 881.26 — 881.21 '880.66 lsi.26 881.iI~ 880.66 881.26 881.21 880.66 
"7 moW~ 1051.28 "l051.00 "1550.97 1 0 5 l l 8 ~ 1051.00 1050.97 1 0 5 L 2 8 _ J 0 5 i ^ 
" i 1099 6 2一 1099.66 1099.02 1099.62 1099.66 1099.02 1099.62 1099.66 1099.02 
1 T r n W 1398.43 ' l398.77 l 3 9 8 . 1 7 13984T" 1398.77 “ 1398.17 1398.43 1398.77 
T o 1505.12 1504.60 1504.71 1505.12 1504.60 1504.71 1505.12 1504.60 1504.71 
a, the wavenumbers ofthe respective peak for different weights of sample . 
Table A.I.4.2 The absorbances of the effective peaks obtained by three interpolation 
methods _ _ _ ^ _ 
by Lagrange byNewton's by Quadratic 
interpolation interpolation interpolation 
- ^ . " " Alb [ b A3b Al- A2b A3b Alb k^ 厂 
1 ^T^i;^^^]^^jjj^jyjfj_Jj:ggg_2 0.1356 0.1544 0.0922 0.1356 0.1544 
飞 ^ ^ j ^ ^ ^ ] ^ ] j ^ ^ _ Q _ 2 2 2 1 _ ^ ^ 2 4 ^.1886 0.2101 0.1324 0.1886 0.2101 
1 ?^"TTT;~^j]j^^Jj_L22j___gJigg_ 0 1648 0.1915 0.1132 0.1648 0.1915 
^ 0 1«” " j " 9 j ^ J V 2 4 ^ _0Jj22_ T2462 0.2464_ 0.1822 0.2462 0.2464 
1 f ^ " ^ ^ I ^ ] ^ j ^ ^ _ g ^ 5 0.3482 0.4582 T"4075 0.3482 0.4582 0.4075 
"i ^ r ; i ^ j 2 2 2 E I JL222iZ _Q-2479 0.3372 0.2994 0.2479 “ 0.3372 0.2994 
^ ^^"^^^T^]^j^^_£iZlj_I_^jil7 " .^5385 0.4713 0.3917 0.5385 0.4713 
^ ^ f T T ^ ^ j i j j ^ _ y g ^ 0.1375 0.1860 I l 8 5 7 Q.1375~ 0.1860 0.1857 
^ Oglg4 j j ^ ^ _0_9382_ _Ojj^84^ j l 6 4 5 0.9382 0.8184 1.1645 0.9382 
^ “ 07023 1.0207 0.8261 0.7023 1.0207 0.8261 0.7023 1.0207 0.8261 
b，the absorbances ofthe respective peak for different weight ofsample ‘ 
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Appendix II-2 
Comparison of the results obtained from interpolation with these 
obtained from the spectrometric measurements 
A performance test was designed to test the agreement between the results 
obtained from interpolation and with the experimental data using the spectra of 
magnesium silicate hydrate[Mg3(Si4O10)(OH)2] for comparison . The peak table was 
produced by the spectrometer used . For the purpose of comparison，only comparable 
points ofthe peak table by the spectrometer are shown in Table A.I.5.1 . Table A.I.5.2 is 
produced by interpolating data in the spectral file . The corresponding absolute 
differences between Table A.I.5.1 and Table A.I.5.2 are shown in Table A.I.5.3. 
Table A.I.5.3 shows that the wavenumber differences are in the range of 0.08 to 
0.82 , i.e.，the maximum difference of wavenumbers is 0.82 and the difference in 
absorbances in the range of 0.0001 to 0.00021 , i.e. the maximum difference in 
absorbances is 0.0021 between two methods . Hence , the interpolated results agree well 
with the experiments . 
Table A.L5.1 The peak table produced by spectrometerused 
No Wi^  W/ W/ V A2b A3b 
1 423.71 423.75 “ 423.91 0.5502 0.4456 0.3883 
T ~ 4 ^ 0 451.78 “ 451.66 0.8588 0.7049 0.6342 
1 4 ^ 9 466.11 — 466.24 0.8670 0.6970 0.6387 
T ~ _ 5 3 3 j 3 534.06 “ 534.34 0.3254 0.2774 0.2414 
1 670.42 670.36 ^ . 3 8 0.4166 0.3365 0.2966 
6 1018.0 1018.0 1018.2 1.0900 0.8630 0.818"j~ 
Table A I 5.2 The effective peaks produced by interpolation 
� N o . W , W/ I W/ V I A,b As^  
^ 424.51 47454 424.73 0.5490 0.4449 0.3881 
飞 450.65 ] ^ j ^ g g _ j ^ l i l _ _ g j f f l 9 0.7044— 0.6341 
1 465.68 l 6 5 . 7 9 765.88 0.8689 0.6989— 0.6406 
1 533.65 733.90 534.26 0.3250 0.2770 “ 0.2409 
1 670.32 ^70.26 670.28 0 . 4 1 7 3 ~ 0.3369 0.2971 
6 1017.82 1017.86 1018.06 1.0904 0.86¾ 0.8186 
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Table A.I.5.3 The corresponding absolute dififerences between two methods 
No. A W , AW;a AW3a A A , AA2^  AA3b 
1 0.80 0.79 0.82 0.0012 0.0007 0.0002 
~2 0.45 0.56 0.52 0.0021 0.0005 0.0001 
~3 0.21 0.32 0.36 0.0019 0.0019 0.0019 
1 ^ I i 0.16 0.08 "0.0004 0.0004 0.0005 
1 0.10 — 0.10 "0.10 0.0007 O.OOOj~_QJ0005_ 
6 0.18 0.14 0.14 0.0004 0.0004 0.0002 
AW, absolute differences ofthe respective wavenumbers between two methods ； 
AA,'absolute differences ofthe respective absorbances between two methods . 
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Appendix II-2 
Check the accuracy of the interpolated results 
In this research , we used the spectral data for polystyrene contained in British 
Pharmacopoeia to verify the wavenumbers obtained by interpolation as well as those 
obtained by measurements . The wavenumbers obtained by interpolation and those by 
measurements are shown in Table A.I.6.1 . These results are compared with the literature 
values in Table A.I.6.2 . 
Table A.I.6.1 The peak wavenumbers of polystyrene film obtained by interpolation and 
measurement 
PeakNo| by interpolation by measurement 
Wi ‘ W3 |RSpar/o) Wl W2 W3 |RSPy7o) 
1 9 0 6 ^ ^ 9 0 6 . 8 6 9 0 6 ^ ^ 0 906.48 906.47 906.47 0.0065 
；^  j ^ ^ ^ 3 ^ 2 ! j Z g J j _ j ^ I P ^ O —1028.40 1028.40 1028.40 0 
^ j 0 6 Q 2 r 1 0 6 9 j 5 _ ^ 9 . 2 4 00055 1069.00 1069.00 1 0 6 9 ^ 0 
4 1155 01 1155.01 1155.00 0.0051 U 5 ^ U 5 4 M 1154.80 0.10 
� n i T ^ n R ] _ g 7 _ m ^ 0 ^ "ll81.60 1181.60 1181.60 0 
^ ; ^ ; ; ^ ^ j ^ j j ^ l j g 2 : ^ ^ i i 5 ^ 0 1583.20 1583.20 1583.20 0 
7 |^^^^^^j^;;;^^J^2^jj^2g_g_QQ^2__1600.70 1600.70 1600.70 0 
g i g n ? ^ l R 0 7 j r ] 8 0 2 ^ a 0 0 9 6 1802.60 1802.60 1802.60 0 
9 T^^^T^I^^^T^1871.28 a 0 0 8 4 _ 1 8 7 0 j r i 8 7 0 . 7 0 1870.70 0.031 
10 |i943.55 |l943.55 |l943.55 h ll943.50 |l943.50 |l943.50 |0 
a The relative standard deviation in three determinations 
Table A.I.6.2 Comparison of peak wavenumbers of polystyrene obtained by 
interpolation(vi) and those by the measurement (v2) with the corresponding 
values contained in British Pharmacopoeia(vo) 
Peak ~ B P ~ M e a n Absolute Absolute Mean Absolute 
values Difference* Difference Difference* 
No Vo Vl I Vo - Vl I I Vi - V21 V2 Vo - V 2 _ 
1 ~ 906 7 906.86 0.16 0.39 906.47 0.23 
飞 I5^i~^~""l0^.35 0.35 — 0.05 1028.40 0.40 
1 1 ^ ~ " ^ l 0 ^ . 2 5 0.15 — 0.25 1069.00 0.10 
1 n H ^ 2 1 ^ j _ Q ^ 070 0.27 1154.73 0.43 
1 T m V 1181.87 0.47 0 ^ 1181.60 0.20 
"g V ^ ~ H ^ 2 ^ 0.36 0.26 1583.20 0.10 
^ 1^ni ^ ' ^ ^ ^ n ^ 0.22 一 0.48 1600.70 0.70 
1 15^016_^1802.83 1.23 0.23 1802.60 1.00 
^ T i 7 r O ~ 1871.28 0.28 0.54 1870.73 0.27 
10 1944.0 1943.55 0.45 0.05 1943.50 0.50 
* Average of three values 
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If we take the wavenumbers reported in BP as true values , the results from Table 
A.I.6.2 shown the wavenumber measured with the spectrometer as well as the 
interpolated values are accurate . Further , from Table A.I.6.1 , it can be seen that the 
precision ofboth interpolation and the measurement are good . 
The accuracy of the absorbance obtained by interpolation is assessed by computing 
the peak absorbances of polystyrene film with the corresponding values obtained by 
measurement. The results are shown in Tables A.I.6.3 and A.I.6.4 . 
Table A.I.6.3 The peak absorbances of polystyrene film by interpolation and by 
measurement 
Peak No. by interpolation by spectrometer 
Ai 八2 A3 RSD^%) Ai A2 A3 RSpa(o/o) 
1 "o.4766 0 . 4 7 ^ 0.4758 “ 0.085 0.4764 0.4756 0.4758— 0.088 
T ~ 0 .72lT 0.7205 0.7201 ~ ^ 7 7 0.7162 0.7151 “ 0.7156 "^077 
3 0.4058 0.4053 0.4051 ^ 8 9 0.4052 0.4045 “ 0.4047 ^ 0 8 9 
4 0.2975" 0.2970 0.2967 0.14 0.2951 0.2944 “ 0.2947 0.12 
5 0.325l" 0.3253 0.3250 0.12 ~ ^ 2 3 9 0.3236 “ 0.3235 0.064 
6 0.3674" 0.3671 0.3667 0.096 0.3627 "o.3619 0.3623 0.11 一 
~ 0 . 9 9 ^ 0.9896" 0.9887 "5.11 ^,9930 0.9910 0.9918 0.10 
" T " 0.1927 0.1923 0.1918 ^ 2 3 TT924 0.1915 “ 0.1920 0.23 
~9 0.1884 0.1880 0.1874 0.27 0.1885 0.1875 0.1881 0.27 
i y 0.2357 0.2353 0.2348 0.19 0.2358 0.2349 0.2355 0.19 
Table A.I.6.4 Comparison of peak absorbances of polystyrene film by interpolation with 
the corresponding values by measurement 
Peak No. AAi' AA2' AA3' 
1 0.0002 0.0005 0.0000 
2 0.0050 0.0054 0.0045 
3 "0.0006 0.0008 - 0.0004 
1 ^ 0.0024 0.0026 0.0020 
1 0.0019 0.0017 0.0015 
了、 0.0047 0.0052 0.0044 
^ “ 0.0021 0.0014 — 0.0031 
8 ‘ 0.0003 0.0008 0.0002 
^ 0.0001 0.0005 — 0.0007 
10 0.0001 0.0004 0.0007 _ 
AA^ absolute differences between the respective absorbances obtained using the two 
methods ； 
Table A.I.6.4 is shown that maximum absolute different is 0.0054 absorbance . It 
seems a acceptable difference between two methods . 
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Appendix 1-7 
Relative cumulative frequency of standard deviation 
It has been assumed that the experimental error occurred in the determination of 
absorbances are the same at every wavenumber [12] whereas the average standard 
deviations ofthe wavelength and the transmittance at the different peaks give a measure 
ofthe experimental precision [13] . It is also shown that S chart is used for the waming 
and action limits of standard deviation[14] . Accordingly the standard deviations of both 
sample and reference spectra may be considered as a whole . Since data are often difficult 
to interpret directly in their raw forms , tabular or graphical procedures of descriptive 
statistics are used to summarize data in order to enhance insight and interpretation . The 
cumulative forms ofthese distributions provide additional information and insight about a 
data set. It is common practice that the cumulative relative frequency is used for obtaining 
the empirical distribution of experimental data [15]. For this purpose ’ we use the 
cumulative relative frequency for obtaining the empirical distribution of measured 
standard deviations of both the wavenumbers and the normalization factors in repeated 
experiments(n=3) .The cumulative frequency is the number of observations equal to a 
given number or class . The cumulative relative frequency is the cumulative frequency 
divided by the number ofobservations in the sample[15-17] 
In the library search system , we take the corresponding values as the standard 
deviations ofboth wavenumbers and normalization factors when the cumulative relative 
frequencies equals « 0.997 . Each experimental point is measured three times and the 
corresponding standard deviation for both the wavenumbers and the normalization factors 
can be obtained using Eq.2.2. If the number of classes is specified to be 50，the class 
width is defined as the distance between the class boundaries 
C l a s s w i d t h = = ^ ^ ^ ^ ^ ^ 5 ^ (Eq. A.I.7.1) 
where SDmax. is the largest standard deviation and SD i^n. is the smallest standard 
deviation . For each class from SD,_, to SD, , we specify that 
SD,_, < SD < SD, ^q.A.I.7.2) 
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where each {SD._^,SD.) is a class boundary indicating the range of data values belonging 
to a class. 
The class mark is the midpoint of a class and is found midway between the class 
boundaries. 
Class mark =(仍‘一：仍‘) (Eq. A.I.7.3) 
“ 
The value of a class mark is specified as the representative value for each class . 
The frequency ofa class is the number of sample observations associated with a class . 
The relative frequency of a class is its frequency divided by the number of observations in 
the sample. 
1-7.1 Relative cumulative frequency of standard deviation for zero order spectra 
The standard deviations of both wavenumbers and normalization factors for all the 
experimental data result from the database of mineral drugs( see Chapter 5) The 
measurement parameters are based those of Section 2.2.2.6 . 
T.7.1-A Relative cumulative freauencv of standard deviation for wavenumbers 
The distribution ofstandard deviation for wavenumbers is shown in Table A.I.7.1 and 
displayed graphically using relative cumulative frequency in Figure A.I.7.1 . 
Table A.L7.1 Distribution of standard deviation for wavenumbers 
Class Class Class Frequency Relative Relative Cumulative 
No Boundaries Maric Frequency Frequency 
1 "a0023-0.0821 " a 0 4 ^ ^ 0.2030 0.2030 
1 "5^1-0 .1619 O . f ^ J 9 5 0.1833 0.3863 
1 oT^9-0.2418 0 . 2 ^ J 2 6 0.1184 0.5047 
1 0 ^ 8 - 0 . 3 2 1 6 T j ^ _ g g 0.0921 0.5968 
1 "o3^6-0.4015 " 0 3 m j 4 0.0508 0.6476 
^ 0 4015-0.4813 0.44___^ 0.0489 0.6964 
^ 0 4813-0.5612 O . j ^ J g 0.0376 0.7340 
1 0 5612-0.6410 0.^____^ 0.0338 0.7679 
^ 0 6410-0.7209 O j g _ _ _ ^ 0.0320 0.7998 
1 5 ~ " 0 7209-0.8007 0 7 6 _ _ 2 6 0.0244 0.8242 
H 0 8007-0.8805 0 , 8 4 _ _ ^ 0.0188 0.8430 
1 ^ 0 8805-0.9604 0.92 ^8 0.0169 0.8600 
1 3 0 9604-1.0402— 1 . 0 0 _ _ ^ 0.0197 0.8797 
1 5 ~ " " l 0402-1.1201 一 1 ^ _ _ 1 3 0.0122 0.8919 
—^ 1.1201-1.1999 1.16 10 0.0094 0.9013 
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16 1.1999-1.2798 1.24 12 0.0113 0.9126 
17 — 1.2798-1.3596 1.32 ‘ 6 0.0056 0.9182 
18 — 1.3596-1.4395 1.40 一 17 0.0160 — 0.9342 
19 1.4395-1.5193 1.48 “ 4 0.0038 0.9380 
20 1.5193-1,5991 1.56 “ 7 0.0066 0.9445 
21 T5991-1.6790 1.64 ~ 0.0028 0.9474 
22 一 1.6790-1.7588 1.72 “ 5 0.0047 0.9521 
23 T7588-1.8387 1.80 1 ^ 0,0094 0.9615 
24 T8387-1.9185 1.88 3 0.0028 0.9643 
25 T^85-1.9984 "l.96 4 0.0038 0.9680 
26 T^984-2.0782 2.04 T ~ " 0.0009 0.9690 
27 T^782-2.1581 2.12 2 0.0019 0.9709 
28 Tl581-2.2379 "2.20 0 0 _ ^ j 7 0 g 
29 2.2379-2.3177 "2.28 0 0 0.9709 
30 2.3177-2.3976 2.36 3 一 0.0028 0.9737 
31 2.3976-2.4774 1.44 2 0.0019 0.9756 
32 T4774-2.5573 ~2.52 1 0.0009 0.9765 
33 Tl573-2.6371 2.60 1 — 0.0009 0.9774 
34 "1^1-2.7170 2 . 6 ^ 3 0.0028 0.9803 
35 Tn70-2.7968 2.76 1 0.0009 0.9812 
36 T ^ 8 - 2 . 8 7 6 7 2.84 2 — 0.0019 0.9831 
37 T^7-2.9565 2.92 3 — 0.0028 0.9859 
38 T^5-3.0363 T O O^^ J 0.0028 0.9887 
39 3.0363-3.1162 3.08 0 ~ " 0 0-9887 
40 TTT62-3.1960 T I ^ J 0.0009 0.9897 
^ TT%0-3.2759 T 2 4 ^ I j 0.0019 0.9915 
42 T ^ 9 - 3 . 3 5 5 7 T ^ J 0.0028 0.9944 
43 T^7-3.4356 T 4 ^ _ 0 0 0.9944 
M ^ T4^6-3.5154 3.48 2 0.0019 0.9962 
45 T ^ 4 - 3 . 5 9 5 3 T ^ _ 0 0 0.9962 
^ 3.5953-3.6751 3.64___0 0 0.9962 
^ 2 3.6751-3.7549 3.72 0 _0 0-9962 
l 8 3 7549-3.8348— 3.79 0 0 0.9962 
1 ^ “ 3 8348-3.9146 “ 3.87 1 0.0009 0.9972 
50 3.9146-3.9945 丨 3.95 3 0.0028 1.0000 
From Table A.I.7.1 , when the cumulative relative frequency equals ^  0.997 ’ the 
corresponding class mark ofthe standard deviation is 3.87 . Accordingly , 3.87 is taken 
as the standard deviation for the wavenumbers in zero order spectra in this library 
search system. 
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Figure A.I.7.2 Distribution of standard deviation for normalization factors in 
the zero order spectra 
’ 
L7.1-B Relative cumulative freauencv of standard deviation for normalization 
factors 
The distribution of the standard deviation for the normalization factors is shown 
in Table A.I.7.2 and displayed graphically using relative cumulative frequency in Figure 
A.I.7.2 . 
Table A.I.7.2 Distribution of standard deviation for normalization factors 
Class~ Class Class~ Frequency Relative Relative Cumulative 
No. Boundaries Mark Frequency Frequency 
1 "^17-Q.0614 "0.03 270 0.2542 0.2542 
2 "5^14-0.1211 0.09 205 0.1930 0.4473 
3 "5T211-0.1808 0.15 152 0.1431 0.5904 
4 "^08-0.24Q6 —0.21 94 0 0 8 8 5 _ _ _ 0 ; ^ 
5 "^06-0 .3003 —0.27 60 0.0565 0.7354 
6 "^03-Q.3600 ^ .33 51 0.0480 0.7834 
7 ^3600-0.4197 1).39 32 0.0301 0.8136 
8 "^97-0 .4794 1).45 29 0.0273 0.8409 
9 "04794-0.5391 —0.51 35 0.0330 0.8738 
J O T ^ ^ 0 j 9 8 9 _ ^ 7 23 — 0.0217 0.8955 
JA "05989-0.6586 0.63 J J 0.0104 0.9058 
J 2 "^86-0 .7183 ^ 6 9 U 0.0132 0.9190 
j3_ TTT83-0.7780 0.75—_l_6 0.0151 0.9341 
j 4 Tn80-0.8377 0.81 7 0.0066 0.9407 
j 5 "gm7-0.8974 T S ^ J 0.0028 0.9435 
16 0.8974-0.9572 ~ ^ ~ 6 0.0056 0.9492 
17 T^72-1.0169 0.99 4 0.0038 0.9529 
18 T ^ 9 - 1 . 0 7 6 6 1.05 2 一 0.0019 0.9548 
1 ^ rom-1.1363 T n Z ^ J Q.QQQ9 0.9557 
1 5 1 1363-1.1960_ 1.17 5 0.0047 0.9605 
"2T n%0-1.2557 T l Z ! j 0.0009 0.9614 
1 ^ 1 2557-1.3155 1.2g___5 0.0047 0.9661 
^ 1 3155-1.3752— 1,15 3 0.0028 0.9689 
“ ^ 1 3752-1.4349 lA\ 7 0,0066 0.9755 
^ 1 4349-1.4946 1,46 5 0.0047 0.9802 
1 ^ 1 4946-1.5543 “ 1.52 T " 0.0009 0.9812 
^ 1 5543-1.6140" l j g 1 0.0009 0.9821 
^ 1 6140-1.6738 L 6 1 _ J 0.0009 0.9831 
1 5 1 fS7^8-1.7335 1.70 0 0 0.9831 
1 ^ 1 7^1,^-1.7932 1.76 3 0.0028 0.9859 
T T " I 1.7932-1.8529 1.82 3 0.0028 0.9887 _ 
39 
32 1.8529-1.9126 1.88 1 0.0009 0.9896 
33 — 1.9126-1.9723 1.94 — 1 “ 0.0009 0.9906 
34 — 1.9723-2.0321 2.00— 0 0 — 0.9906 
35 — 2.0321-2.0918 2.06 — 1 “ 0.0009 “ 0.9915 
36 2.0918-2.1515 2.12 0 — 0 ~ " 0.9915 
37 — 2.1515-2.2112 2.18 — 0 0 “ 0.9915 
38 一 2.2112-2.2709 2.24 一 0 0 “ 0.9915 
39 2.2709-2.3306 2.30 一 0 0 一 0.9915 
40 2.3306-2.3904 2.36 — 1 0.0009 “ 0.9925 
41 TJ904-2.4501 2.42 0 0 0.9925 
42 T4501-2.5098 2.48 2 0.0019 0.9944 
43 — 2.5098-2.5695 2.54 2 0.0019 “ 0.9962 
44 TT695-2.6292 "2.60 0 0 0.9962 
45 T^292-2.6889 2.66 0 0 0.9962 
46 2.6889-2.7487 2.72 0 0 0.9962 
47 T7487-2.8084 "2.78 1 0.0009 0.9972 
48 T^084-2.8681 2.84 0 0 0.9972 
49 T8681-2.9278 _2.90 2 0.0019 0.9991 
“ ^ ~ 2.9278-2.9875 2.96 1 0.0009 1.0000 
From Table A.L7.2 ’ when the cumulative relative frequency equals ^ 0.997，the 
corresponding class mark ofthe standard deviation is 2.78 . Accordingly , 2.78 is taken 
as the standard deviation for the normalization factor in zero order spectra in this library 
search system. 
L7.2.2 Relative cumulative frequency of standard deviation for derivative spectra 
The standard deviations of both the wavenumbers and the normalization factors 
for all the experimental data of result from the database of Chinese herbal drugs (see 
Chapter 6) . The measurement parameters are based on those ofSection 2.2.2.6 . 
T.7.2.2-A Relative cumulative freauencv of standard deviation for wavenumbers 
The distribution ofstandard deviation for wavenumbers is shown in Table A.I.7.3 
and displayed graphically using relative cumulative frequency as shown in Figure A.I.7.3 
Table A.I.7.3 Distribution of standard deviation for wavenumbers 
eiass“ Class Class“ Frequency Relative Relative Cumulative 
No Roundaries Mark Frequency Frequency 
1 0-0.0372 一 0.019 136 0.1459 0.1459 
^ "0.0372-0.0744 0.056 184 0.1974 0.3433 
40 
3 0.0744-0.1117 0.093 124 0.1330 0.4764 
4 - 0.1117-0.1489 0.13 103 “ 0.1105 0.5869 
5 0.1489-0.1861 0.17 — 68 “ 0.0730 一 0.6599 
6 — 0.1861-0.2233 0.20 一 60 0.0644 — 0.7242 
7 0.2233-0.2606 0.24 44 — 0.0472 ~ " 0.7715 
8 — 0.2606-0.2978 0.28 34 — 0,0365 — 0.8079 
9 0.2978-0.3350 0.32 — 29 0.0311 “ 0.8391 
10 — 0.3350-0.3722 0.35 — 21 — 0.0225 ~ " 0.8616 
11 1^722-0.4095 0.39 17 0.0182 0.8798 
12 一 0.4095-0.4467 0.43 16 0.0172 “ 0.8970 
13 "^467-0.4839 0.47 17 0.0182 0.9152 
14 — 0.4839-0.5211 0.50 7 0.0075 一 0.9227 
15 T ^ l l - 0 . 5 5 8 3 "0.54 13 0.0139 0.9367 
16 ^583-0.5956 "o.58 5 0.0054 0.9421 
17 Tl956-0.6328 0.61 T " 0.0064 0.9485 
18 ""5^328-0.6700 0.65 10 0,0107 0.9592 
19 T^700-0.7072 0.69 1 0.0011 0.9603 
20 "^72-0.7445 "o.73 8 0.0086 0.9689 
21 T ^ 4 5 - 0 . 7 8 1 7 _0.76 4 0.0043 0.9732 
22 "^17-0.8189 1).80 2 0.0021 0.9753 
23 "a8T89-0.8561 ^ 8 4 2 — 0.0021 0.9775 
24 ^8561-0.8934 0.87 1 一 0.0011 0.9785 
25 ""5^34-0.9306 0.91 j 0.0021 0.9807 
26 1 ^ 6 - 0 . 9 6 7 8 " o i F I j 0.0011 0.9818 . 
j n T % 7 8 - 1 . 0 0 5 0 0 . 9 9 1 O O O H 0 9 8 2 8 
28 T0050-1.Q422 T o 2 2 — 0.0021 0.9850 
29 T0422-1.0795 1 .06 0 0 09850 
30 1.0795-1.1167 T T ^ J 0.0032 0.9882 
n TTl67-1.1539 l.lTZ^ 0 0.9882 
"32 rT5^-1.1911 T i m _ 0 _0 0.9882 
l 3 1 1911-1.2284 T I d _ 2 0.0021 0.9903 
"34 L2^4-1.2656 T j E I � 0.0011 0.9914 
35 T^56-1.3028 1.28 0 0 0.9914 
1 ^ n ^ 8 - 1 . 3 4 0 0 T M Z ! j 0 厕 1 0.9925 
J 7 ^ T ^ - 1 . 3 7 7 3 1.36 0 _0 0.9925 
38 1.3773-1.4145 1.40 0 0 0.9925 
1 ^ r4T45-l.45i7 l , 4 | H _ O 0 0.9925 
"i5 1.4517-1.488^ L 4 7 _ _ 2 0.0021 0.9946 
" ^ | ^ ; ; ; ; ; ^ _ 2 i ^ ^ 2 : 2 J ^ ^ U L I _ 2 J 0.9946 
7 ^ 1 5261-1.5634— L 5 4 _ _ 0 0 0.9946 
1 5 1 5634-1.6006 ^ L 5 8 _ J 0.0011 0.9957 
1 5 1 6006-1.6378 1.62 0 _0 0.9957 
T S ~ 1.6378-1.6750 1.66 1 0.0011 0.9968 
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Figure A.I.7.3 Distribution of standard deviation for wavenumbers in the 
derivative spectra 
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Figure A.I.7.4 Distribution of standard deviation for normalization factors in 
the derivative spectra 
46 1.6750-1.7123 1.69 0 0 0.9968 
J 7 Tn23-1.7495 "l.73 2 0.0021 0.9989 — 
^ 8 TM95-1.7867 1.77 0 0 0.9989 
_49 T^67-1.8239 1.81 0 0 0.9989 
50 1.8239-1.8612 1,84 1 0.0011 1.0000 
From Table A.L7.3，when the cumulative relative frequency equals « 0.997 ’ the 
corresponding class mark ofthe standard deviations is 1.66 . Thus，1.66 is taken as the 
standard deviation for the wavenumbers in derivative spectra in the library search system 
L7.2.2-B Relative cumulative freauencv of standard deviation for normalization 
factors 
The distribution ofstandard deviation for normalization factors is shown in Table 
A.I.7.4 and displayed graphically using relative cumulative frequency in Figure A.I.7.4 . 
Table A.I.7.4 Distribution of standard deviation for normalization factors 
Class Class Class Frequency Relative Relative Cumulative 
No. Boundaries Mark Frequency Frequency 
1 "^10>0.0188 0.010—_1% 0.2103 0.2103 
_2_ "g^88-0.0366 0.028 190 ~ " 0.2039 0.4142 
3 "^^66-0.0545 0.046__l_^ 0.1599 0.5740 
丄 1^0545-0.0723 To63__98 0.1052 0.6792 
5 0.0723-0.0901 0.081__^^ 0.0536 0.7328 
6 0.0901-0.1080 T J o ~ 36 0.0386 — 0.7715 
7 "gI^8Q-0.1258 0 , i ^ J 0.0515 0.8230 
8 "qTT58-Q.1436 O . l T ^ ^ 0.0279 0.8509 
j ~ ~ 0l"^6-0.1615 O . l T Z ^ 0.0279 0.8788 
j O ~ " "aT6l5-0.1793 O . l f Z J i 0.0150 0.8938 
J j ^ "0j^3-0.1971 T I E Z j ^ 0.0172 0.9109 
J 2 "0l971-0.2150 O . 2 n i _ 6 0.0064 0.9174 
J 3 _ "gir50-0.2328 ^ Z ^ j 0.0086 0.9260 
14 "a^8-0 .2506 T l i ^ J O 0.0107 0.9367 
15 "5^6-0 .2684 0 , ^ ^ _ 8 0.0086 0.9453 
16 "a^4-0 .2863 T ^ ^ _ n 0.0118 0.9571 
17 "am3-Q.3041 " o I ^ _ 5 0.0054 0-9624 
18 0.3041-0.3219 " o U Z j 0.0054 0.9678 
19 0 3219-0.3398 0J3 1 0.謝1 0.9689 
i |0.3398-0.3576 |o.35 丨3 |0.0032 |0.9721 
42 
^ ~ |0.3576-0.3754 |0.37 丨1 |0.0011 |0.9732 
22 ^3754-0.3933 0.38 3 ~ ^ 0.0032 0.9764 . _ 
_23 TI^3-Q.4111 ^ .40 6 0.0064 0.9828 — 
_24_^ "a4ril-0.4289 ~0A2 3 0.0032 0986j 
^ 5 _ ^ 2 8 9 - 0 . 4 4 6 8 0.44 T ^ 0 0.9861 
^ "0^"68-0.4646 ^ 4 6 1 0.0011 0.9871 一 
27 " ^ 4 6 - 0 . 4 8 2 4 ^ 4 7 0 — 0 0.9871 
28 0.4824-0.5002 ^ 4 9 ~ 2 0.0021 0.9893 
29 " g ^ 2 - 0 . 5 1 8 1 ^ ~ 1 0.0011 0.9903 
置 1Or81-0.5359 ^53 0 0 0.9903 
31 "5^59-0.5537 0.54 0 0 0.9903 
J 2 ] ^ I M H i g Z l ^ _ ^ 5 6 1 — 0.0011 0.9914 
33 " g ^ 6 ^ 0 . 5 8 9 4 T s T ^ J 0.0011 0.9925 
1 ^5894-0.6072 "0.60 0 0 0,9925 
_ ^ "^72-Q.6251 0.62 0 0 0.9925 
36 T^51-0 .6429 0.63 0 0 0.9925 
37 " 0 ^ - 0 . 6 6 0 7 ^ 6 ^ 2 0.0021 0.9946 
1 0.6607-0.6785 0.67 0 0 0.9946 
j 9 ^ "g^85-0.6964 ^ . 6 9 _ _ ^ 0 0.9946 
i "5^64-0.7142 ^ 7 1 0 0 0.9946 
i " ^ 4 2 - 0 . 7 3 2 0 np.72 0 0 0.9946 
42 "0^-0.74990 ^ 7 4 ^ _ 0 0 。鴨 
43 T ^ 9 - 0 . 7 6 7 7 T 7 6 ^ I _ 0 0 0.9946 
J 4 0.7677-0.7855 0.78 0 0 0.9946 
7 s 0 7855-0.8034^ 0,7g 0 0 0.9946 
l i " ^ 4 - 0 . 8 2 1 2 ~ m ^ A 0.0011 0.9957 
47 " ^ 1 2 - 0 . 8 3 9 0 0 . 8 ^ _ 0 0 0.9957 
48 "g^90-0.8569 0.85 0 0 _ 5 7 
15 0 8569-0.8747 “ 0.87 1 0厕 1 0.9968 
50 0,8747-0.8925 0.88 I 3 0.0032 L0000 
From Table A.I.7.4，when the cumulative relative frequency equals « 0.997，the 
corresponding class mark ofthe standard deviations is 0.87 . According to this result, 
0 87 is taken as the standard deviation of normalization factors in derivative spectra in 
the library search system . 
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Appendix II-2 
The verification of the instrument，interpolation and vernier 
performances 
For this experiment, the polystyrene film (manufactured by Hitach Co.) were 
measured using three different spectrometer. The resolution is specified as 8 cm'^  and the 
scan time is set at 60 seconds . All other parameters are set by the manufacture's software 
according to their default operating conditions . The 10 specific JK peaks to be measured 
three times are defined based on the British Pharmacopoeia .The results are summarized 
in Tables A.L8.1andA.L8.2. 
Table A.L8.1 Comparison of the consistency of the wavenumbers with different 
spectrometers using the polystyrene filj^^j^anufa(^turedj^^tach Co.) 
Peak no wave,^ wave,^ wave,^ 
1 ~906A1 905.76 "l06.60 ~ " 
2 T028.40 1028.6 1027j 
3 l069.00 1068.9 1069.1 
J _ _ TT54.73 “ 1155.3 1154.6 
5 1181.60 — 1180.3 1181.6 
6 1583.20 — 1583.4 1583.6 
7 1600.70 — 1600.6 1601.0 
8 "l802.60 1802.2 1802.0 
9 1870.73 ~ 1869.4 1870.4 
10 1^3.50 1944.2 1943.3 
A, the average values were measured by Nicolet FTDl 205 spectrometer 
B ,, the average values were measured by Nicolet ¥TTK Magna-ER 550 spectrometer 
c,, the average values were measured by Perkin Elmer FTDl 1600 spectrometer 
Table A.I.8.2 Comparison of the consistency of the normalization factors with different 
spectrometers using the polystyrene film (manufactured by Hitach Co.) 
p ^ n o ~^: ^^ y c 
1 “ 11.374 11.338 “ 11.331 
2 "l7.102 — 17.225 1 ^ 9 8 
3 ^.674 9.639 9.788 
4 7.044 7.403 ~ 7.459 
5 7.735 — 7.614 7 ^ 
6 8.658 - 8.724 8.778 
7 13.706 — 23.416 23.036 
_R 4.588 ‘ 4.551 4.719 
"5 4.494 4.471 4.473 
10 5.626 5 618 5.717 
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Appendix II-2 
The confirmation of the spectral data consistency with the 
different sources and the different methods for the peak tables of 
polystyrene film references 
For these experiments ’ one type ofthe experiments utilized the polystyrene film 
references manufactured by Hitach Co. and Beckman Co . were scanned using the same 
spectrometer . The peak tables generated from this experiment were obtained in three 
modes . The first mode was directly from the spectrometer . The second mode was by 
transferring the spectral data to a computer and interpolating the peak table by the 
program developed . The third mode was by measuring the printed JK spectra using 
the vemier . Another type ofthe experiments utilized the JK spectra of polystyrene film 
collected in the Chinese [18]and British [19] pharmacopoeias were measured by vernier 
The wavenumbers and normaUzation factors for the two types of experiments are 
summarized in the peak table Tables A.I.9.1 and A.I.9.2, respectively . 
Table A.I.9.1 Comparison of the consistency of the wavenumbers in two types of 
experiments using Hitachi and Beckman polystyrene films ； and the m spectra 
ofpolystyrene collected in both Omese andBritish ptmnnacopodas 
Peak wave； wave,^ >i^/~ y^e/ wave； wave/ wave,^ wave,^ 
no 
1 ~906W 906.35 906.86 906.31 907.53 907.20 906.66 906.07 
^ T o 9 R 4 ^ ^ 0 ¾ ^ J 0 2 8 j 5 ^ 1028.32 1029.21 1029.49 1028.06 1027.64 
"5 ; ] ^ ^ ^ ^ ^ ^ ] ^ ^ ^ ^ ^ J j j ^ g ^ _ 1069.20 1070.73 1070.64 1067.95 1068.89 
1 J Q j j ^ ] ] j j j ^ J i 5 5 . 0 0 - 1155.04 1155.04 1155.12 1155.07 1153.36 
7 " ; ^ j j ^ ^ ^ J Q ^ ^ 3 J | ^ J i g l ^ ) 1 8 2 . 5 9 1183.98" 1181.99 1178.80 
飞 1 5 8 3 . 2 0 _ J j g ^ ^ ^ j l g M ^ _ I g g l g £ 1581.64 1580.24 1581.16 1582.14 
^ T ^ n n j ^ j ^ ^ o n ^ J 6 ^ 1 8 " 1601.50 1598.37 1599.25 1600.55 1598.67 
X " " ] " j g n 9 ^ _ l g m j ^ J8Q2.83 1803.05 1801.07 1802.89 1803.63 1804.11 
^ j ^ 2 ^ j j ^ ] j j j j ^ j g 2 j ^ r 1871.05 —1870.41 1869.90 1869.21 1869.67 
7 5 1943.50 1943.40 1943.55 1943 52 1942.80 1942.75 1941.09 1 9 4 3 ^ 
a A polystyrene film from Hitach Co. was scanned using the Nicolet 205 ； 
b A polystyrene fihn from Beckman Co. was scanned using the Nicolet 205 ； 
c The polystyrene film from Hitach Co. was interpolated using the proposed method ； 
d The polystyrene film from Beckman Co. was interpolated using the proposed method ； 
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® The representative spectrum ofthe polystyrene fihn from Hitach Co. was measured by 
vemier ； 
f The representative spectrum ofthe polystyrene film from Beckman Co. was measured 
by vernier ； 
g The JK spectrum of polystyrene film collected in the Chinese pharmacopoeia was 
measured by vernier ； and 
h The JK spectrum of polystyrene film collected in the British pharmacopoeia was 
measured by vemier. 
Table A.I.9.2 Comparison ofthe consistency of the normaUzation factors in two types of 
experiments using Hitachi and Beckman polystyrene films ； and the JK spectra 
ofpolystyrene collected in both Chinese and British pharmacopo^s — 
Peak 令 / 妃 ~^: i ' 化 ¥ / I 於 ¥ ' 
no 
T ^ ~ 11.374 11.423 " T T i ^ 11.394 11.362 11.538 11.062 11.076 
"2 17.102 ‘ 16.768 T7.284 16.773 16.545 16.467 17.656 17.566 
X ^ ^ ^ ^ 9.674 “ 9.712 T 7 2 4 9.716 ~ 9.652 9.812 9.305 9.238 
Z Z Z Z J J } ^ ± — J J } 2 ^ — ! I i g g _ JA2- l ~ 6.928 7.086 7.558 7.781 
Z Z Z I _ 2 _ m _ J Z : i l ^ ^ ^ l ^ ^ 7.477 7.694 7.398 7.867 7.378 
Z Z Z Z A M _ A l ^ Z _ j j Q j 8.480 8.495 "s.246 9.816 9.274 
3 Z Z Z J ^ l Z ^ , Z H l g _ _g^Q76 23.320 23.487 23.558 22.877 23.224 
Z Z Z Z A J 3 ^ J 1 A 2 £ L - A ^ l g ^ _ ^'^^^ 4.591 “ 4.962 4.278 4.851 
~g 4.494 TS77 4 . 5 0 8 ~ 4.846 5.621 4.936 4.228 4.466 
"T5" 5.626 5.953 5.643 5.942 5.626 5.999 5.376 5.146 “ 
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Appendix II for Part II 
Appendix II-1 
The IR spectrum of polyethylene film 
It has been reported that the JR spectrum of polyethylene exhibits no C-C 
backbone vibrations，however , it shows the antisymmetric and symmetric CH stretching 
vibration of the group at 2920 and 2848 cm_i , respectively , the CH2 deformation 
vibration at 1463 and 1473 cm\and the rocking vibration at about 720 and 731 cm'^  [1-
2] . The scanned spectrum of the polyethylene film is in good agreement with the 
literature [3] . We found that with the resolution from 4 cm_i to 8 cm-' , the two peaks of 
1463 and 1473 cm"^  will combine and show single peak at 1465 cm\ The other two peaks 
of720, and 731 also show a single peak at 721 cm'' (the representative spectrum ofthe 
PE film shown as Figure 4.1b in Chapter 4) . It is clear that the IR spectrum of 
polyethylene is very simple as expected from one of the rules of thumb in vibrational 
spectroscopy is that the fewer the bands，the more ordered the structures are expected . 
The reason is explained that because ofahigh concentration of the long-range ordering of 
the CH2 groups and the fewer terminal CH3 groups [4]. 
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Appendix II-2 
Integration of peak areas for the proposed IRQA software 
In quantitative \K analysis ’ the area under the band envelope is taken as a 
measure ofthe concentration ofthe substance [5] . Integrated absorbances of bands can 
be computed by the use ofstandard numerical integration methods without assumptions 
of a band profile function [6]. 
In the proposed software , both trapezoidal and Simpson rules were used to 
calculate the peak areas . 
Trapezoidal rulef71 
In Trapezoidal rule ’ the peak area A/is calculated by Eq.A.IL2.1a 
• ‘ f{v)dv « A, = ^ (4) + A, )(Vi - V � ) + 全 ( 4 + A )(^2 一 V, >K..+ \ (A-i + A ) ( 、 一 V l ) 
V„ 
(Eq.A.II.2.1a) 
where v � i s the starting wavenumber ； A^  the interpreted absorbance at v � ； v„ the 
end wavenumber ； and A„ the interpreted absorbance at v„ • For convenience , the 
Trapezoidal rule has been written in a sub-routine program which can easily be transferred 
.The background area Ag is calculated by Eq.A.II.2.1b , 
^ = | K + ^ ) ( v � - v J (Eq.A.II.2.1b) 
2 
The corrected area A^ is obtained by Eq.A.II.2.1c in the case . 
A, = A - A , (Eq.A.II.2.1c) 
Simpson rule [71 
Simpson rule is expressed by Eq.A.IL2.2a . 




Because n should be even and the region requires equal parts in Simpson，the area of 
the first and the last blocks A^ are calculated by Trapezoidal rule . 
r *n r 一 
4 = L ^ ^ ^ ^ ^ ( 4 i + A ) H ^ ^ ^ ^ ^ ( A + i + u j (Eq.A.II.2.2b) 
With the exception the first and the last points , the number of residual data points , n , is 
countered by the function @COUNT. The even or odd n, wasjustified by Eq.A.II.2.2c . 
IF @ INT(\ri ) < \ ri (Eq.A.IL2.2c) 
^ 二 
where n, is an odd numbers ； @COUNT is the function of count which retums the 
number of nonblank cells in a given column ； and @JNT the function of integer which 
retums the integer portion ofagiven value and does not round the value . If the area in 
the region is expressed by Eq.A.n.2.2d . 
A = 4 + A , (Eq.A.IL2.2d) 
when n，is an odd number ； li^i is the start point ； w^ the second point ； and w”+! the end 
point. The peak area was integrated from w^ _^  to w„^ , . 
If n, is an even number，the area of the second block of the residual region is 
calculated by Trapezoidal rule，so A'j. is 
—r n r 一 
V r>^0-2-^0_l/d . A \ 1 ^0"^0-2. . j ^ •冰針丨一狄” (4 . A \ 
冬= (A,_2 + 4 w ) + o (A) - A)-2) + 9 (A^1 十 A J 
[_ 2 � L L � L L J 
(Eq.A.II.2.2e) 
forw,is an even number ； nv! is the start point ； w^ _^  ’ the second point ； w^ the third 
point ； and w„^ ^ the end point. 
If the peak area in the region is expressed by Eq.A.IL2.2d . The background area 
for n, = odd or n, = even is also expressed by Eq.A.n.2.2f. 
Z , = i ( A - i + 4 i ) ( V o - i -v"+i) (Eq.A.IL2.2f) 
where the corrected area � is obtained by Eq.A.n.2.2g . 
J c = ^ _ d s (EqA.n.2.2g) 
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Appendix II-2 
The Calibration of the standards and statistic analysis of the regression 
equation for the proposed IRQA software 
The sub-routine program has two functions . One is the regression equations 
obtained by the least-square from the ordered characteristic values of the standards . The 
other is the statistical value for the regression equation given by the principle ofstatistics 
In the system ’ w, is the weight and 為 is the corresponding ordered characteristic 
value of the ith standard . 
The first tvoe of regression equations 
For the first type ofregression equations，Eq.A.II.3.1a , the quantitative values of 
the standard data is treated by least-squares[8] . The w, is chosen as the independent 
variable and A, is chosen as the dependent variable 
A = a + kw (Eq.A.II.3.1a) 
where : 
一 A7ZM, - ( X w , ) ( Z 4 ) (Eq.A.II.3.1b) 
" a > O - ( 2 ^ > 0 2 
a = 工 义 厂 仏 1 = A 一 kw (Eq.A.II.3.1c) 
n 
where k is the slope ofthe regression line，a , the intercept of the regression line , n， 
the number ofstandard samples , A , average value of absorbances for standards，and w 
，the average value of weights for standards . 
The correlation coefficient of the regression equation , r , is obtained by least-
squares analysis. 
,二 n Z w A - I , ^ X A (Eq.A.II.3.1d) 
一 pXw,' - (2>,)2)(必42 - (2M)2) 
The standard error of estimate，Se，is given based on the principle ofleast-squares [9: 
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— | X ( A , - A y - e Z ( y ^ ^ (Eq.A.II.3.1e) 
' ~ \ n-1 
The numerator within the square root in (Eq3.1e) is defined as the sum of squares ofthe 
enors(SSE)[lO]，i.e. 
S S E : Y M i - A f -k 'Y . (w, - w f (Eq.A.II.3.1f) 
Eq.A.II.3.1e is written as 
S = J ^ (Eq.A.II.3.1g) 
^ V « - 2 
The standard error of the slope，Sb，is given based on the principle ofleast-squares [9；. 
S h : S L 1 _ 2 (E.g.3.1h) 
b i & - W ) 2 
The second tvoe of regression eauations 
For the second type of regression equations , Eq.A.II.3.2a , 
w and wf are chosen as the independent variable and A, is chosen as the 
dependent variable . 
A 二 J5�+ B,w + By (Eq.A.IL3.2a) 
Let Y-A ； Xj=w ； X2-w' (Eq.A.II.3.2b) 
Eq.A.II.3.2a is written in Eq.A.II3.2c 
Y = B,+B,X, ^B,X, (Eq A.IL3.2c) 
The polynomial equation is converted into a set of multiple regression equation 
and the three constants , Bo, Bi, and B2 , are given based on the principle ofleast-squares 
method [11]. 
let 
少 二 ^ ^ — 7 (Eq.A.n.3.2d) 
X, = X, - I ： (Eq.A.II.3.2e) 
x,, = X , , - ^ (Eq.A.II.3.2f) 
Then, 
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_ ( Z ; ^ W ( Z 4 ) - ( Z ^ , ) ( Z V 2 , ) (Eq.A.IL3.2g) 
1 5 S Z 4 ) - ( Z ^ ) 2 
_ ( Z ^ y , � ) ( S g - ( Z � f i , ) ( Z W (Eq.A.II.3.2h) 
召2- ( Z x ^ ) ( L 4 ) - ( X v j ^ 
B^ = Y-B,Hx - B j l 2 (Eq.A.II.3.2i) 
Let 
SST = Y.{Y,-Yf (Eq.A.II.3.2j) 
^ i ^ = i : ( r , - y ) 2 (EqA.IL3.2k) 
SSE = S(” - Yi f = SST-SSR (Eq.A.II.3.21) 
where，h is the predicted value for V. . The correlation coefficient of the regression 
equation ’ r，is obtained by the least-squares 
广二 1 ^ (Eq.A.II.3.2m) 
\SST 
The third tvpe of re2ressi0n equations 
For the third type ofregression equations，Eq.A.II.3.3a，wf' and w, are chosen 
as the independent variable and A^  is chosen as the dependent variable . 
A 二 Bo+^w"2+^2W (Eq.A.II.3.3a) 
Let Y = A ； Xi=wi,2 ； &二 w (Eq.A.II.3.3b) 
Eq.A.II.3.3a is transformed into Eq.A.II.3.3c 
r = Bo+BiXi +B,X, (EqA.IL3.3c) 
The other data are processed the same as from Eq.A.n.3.2d to E.q3.2m . 
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Appendix II-2 
Estimation of the weight of the analyte based for the proposed IRQA 
software 
The subprogram estimates the weight of the analyte ’ w, from its ordered 
characteristic value , A based on the calibration curve obtained in Appendix II-3 
The first tvoe of regression equations 
tf the first type of regression equation is used , the weight of the analyte , w is 
estimated by Eq.A.II.4.1 . 
y^  = - f A - a ) (Eq.A.II.4.1) 
k 
The second tvoe of regression equations 
Ifthe second type ofregression equation is used，the weights of the analytes are 
estimated by Eq.A.II.4.2a and 4.2b 
_ - B i + � B � - 4 B 2 ( B � - A ) (Eq.A.II.4.2a) 
^ 一 2B, 
- B ^ - j B , ^ - 4 B , ( B , - A ) (Eq.A.IL4.2b) 
2 一 2B, 
For a practice problem , the suitability of w； or W2 is easily judged by the initial 
condition as a solution . 
The third tvpe of regression eauations 
If the third type of regression equation is used , the weights of the analytes are 
estimated by Eq.A.II.4.3a and 4.3b . 
一 ' - B , ^ M - 4 B A B , - A ) ^ ' (Eq.A.II.4.3a) 
� _ 2B: � 
J - B , - j B ^ - 4 B A B , ^ ^ (Eq.A.II.4.3b) 
2 一 2B^ 」 
For a practice problem，the suitability of wj or W2 is easily judged by the initial 
condition as a solution . 
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Appendix II-2 
Data for the calibration graphs of the five standard for Chapter 4 
II-5 .1 Data for the calibration graph of aluminum potassium sulfate 
Weight (mg) ^^ 7^3.44,621.8?丨 ^489.6,1457.4 
0.3304 0.1336 
0.4477 0 1840 
0.5644 0-2328 
0.6591 0.2672 
0.6770 — 02809 
0.8812 0-3670 
1.056 — 0.4389 
1.315 0.5557 
The standard error of estimate for the regression equation {S^) 0.0030 
The standard error of slope for the regression equation (¾) 0.0035 
TT-5 2 Data for the calibration graph of calcium sulfate 
Weight (mg) ^^Q99 73,622.08 丨 Qi3.63.75o.oo 
0.05204 " 008170 — 
0.07148 — 0.1099 
0.08643 0.1350 




The standard error ofestimate for the regression equation {S^) 0.0018 
The standard error of slope for the regression equation {S^) 0.014 
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II-5 • 3 Data for the calibration graph of kaolin 









The standard error ofestimate for the regression equation(^J 0.0050 
The standard error ofslope for the regression equation {S^) 0.016 
II-5 .4 Data for the calibration graph of sodium sulfate 
Weight (mg) ^^ 6^2.00.625.84 丨 Qi3.69.75o.oo 
0.4888 06545 
0.6476 一 0-8929 
0.7937 1.135 





The standard error ofestimate for the regression equation(^) 0.025 
The standard error ofslope for the regression equation(*S'J 0.018 
TT-5.5 Data for the calibration graph oftalc 








The standard error of estimate for the regression equation (*S',) 0.0068 
The standard error of slope for the regression equation (¾) 0.048 
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Appendix II-2 
The preparation of standards for Chapter 5 
TT-6.1 The standard for FeS7 
(1) pure FeS2 was mixed homogeneously with KBr such that the resulting mixture 
contained 55.78 mg/g ； 
(2) a series of different standards of FeS2 in KBr matrix were prepared such that the 
weight 0fFeS2 ranged from 0.36 to 1.5 mg 0fFeS2 per pellet . These pellets were 
used for the calibration . 
II-6.2 The standard for Fe7O1 
(1) pure Fe2O3 was mixed homogeneously with KBr such that the resulting mixture 
contained 36.32 mg/g ； 
(2) a series of different standards of Fe2O3 in KBr matrix were prepared such that the 
weight of Fe2O3 ranged from 0.15 to 0.65 mg ofFe2O3 per pellet . These pellets 
were used for the calibration . 
TT-6 3 The standard for FeOOH 
(1) pure FeOOH was mixed homogeneously with KBr such that the resulting mixture 
contained 46.32 mg/g ； 
(2) a series of different standards of FeS2 in KBr matrix were prepared such that the 
weight of FeOOH ranged from 0.25 to 1.1 mg of FeS2 per pellet . These pellets 
were used for the calibration . 
57 
Appendix II-2 
The components of the homogeneous synthetic mixtures for 
Chapter 6 
II-7.1 The components of the homogeneous synthetic mixture 1 
The homogeneous synthetic mixture 1(SM1) was used for determining FeS2 in the 
presence of the FeS and Fe . 
(1) pure FeS2，FeS and Fe were diluted with KBr such that the resulting mixture 
contained 54.90 , 61.85 and 269.6 mg/g of these species , respectively . These 
mixtures were used for the next step • 
(2) four types of SM1 in KBr matrix were prepared as shown in Table A.II.7.1a . 
Table A.n.7.1a The components of SM1 mixtures 一 
Code FeS2a FeSb Fe^ 
mg^ g mg/.8. ^S(S. 
一涵 :1 i ^ 0 0 
SMl-2 2.270 3.924 0 
SMl-3 2.309 0 17.65 
SMl-4 2.289 2.492 ]OJJ 
^The measured component ； ^The interferential component 
TT-7 2 components ofthe homogeneous svnthetic mixtures 2 
The homogeneous synthetic mixture 2(SM2) was used for determining Fe2O3 in the 
！ 
presence of the FeO. 
(1) pure Fe2O3 and FeO were diluted with KBr such that the resulting mixture contained 
36.32 and91.00 mg/g ofthese species , respectively . These mixtures were used for 
the next step . 
(2) four types of SM2 in KBr matrix were prepared as shown in Table A.n.7. lb . 
Table A.II.7.1b The components of SM2 mixtures _ _ _ _ _ 
Code Fe2O3 a FeO 
mg/g mS^ 
SM2-1 1.910 0 
SM2-2 1.594 8.467 
SM2-3 1.258 8.085 
SM2-4 0.9582 ..,14.52 
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II-7.3 The components of the homogeneous synthetic mixture 3 
The homogeneous synthetic mixture 3(SM3) was used for determining Fe2O3 in 
the presence of the FeS2 and FeS • 
(1) pure Fe2O3 , FeS2 and FeS were diluted with KBr such that the resulting mixture 
contained 35.91，56.57 and 72.91 mg/g of these species , respectively . These 
mixtures were used for the next step . 
(2) four types of SM3 in KBr matrix were prepared as shown in Table A.II.7.1c . 
TableA.n.7.1c The components of SM3 mixtures _ _ _ _ _ _ „ _ _ „ « « „ _ „ _ 
r I r"丨丨丨丨丨丨丨丨丨^'"'"'“‘⑴丨丨丨'““丨训丨丨_|丨_丨'"""'"""'''"'""^"""^  
Code Fe2O3a FeS2' FeSb 
mg/g mgy^ g mg/g 
SM3-1 1.824 0 0 
SM3-2 1.282 3.629 0 
SM3-3 1.258 0 5.494 
SM3-4 lJ^ l2J2, U21 
II-7.4 The components ofthe homogeneous svnthetic mixture 4 
The homogeneous synthetic mixture 4(SM4) was used for determining FeOOH 
in the presence of the Fe2O3，FeO and Fe3O4. 
(1) pure FeOOH , Fe2O3, FeO and Fe3O4 were diluted with KBr such that the resulting 
mixture contained 46.32 , 37.52 , 97.39 and 44.97 mg/g of these species，respectively 
.These mixtures were used for the next step • 
(2) five type of SM4 in KBr matrix were prepared as shown in Table A.II.7.1d . 
Table A.II.7.1d The c o m p o n e n t s — g L g j ^ f t j g j ^ g ^ 
T 5 d S FSOQET K ^ FSoP Fe3O4' 
ma/a mgy'g . . . .m^g. ^B/.B. 
U.**" y^ r\ 
SM4-1 2.434 0 0 0 
SM4-2 2.260 1.345 0 0 
SM4-3 2.255 0 9.424 0 
SM4-4 2.111 0 0 2.054 
SM4-5 2 086 1.233 5.261 LJLZ^  
*"•^丄 TjT--_.,_„ _^_*_ •^ j^ ^Tj„^ ~^^ ~uv)j^ vwij^ wtjvnAAAAJWLfVwwuwuwuvwvwwvvwvvMVWt*rr"r.““.."_...*"_“"_“"***^ ******^ ***^ ^^ **^ ^^ ^^ ^^ **^ ^^ ^^ ^^ ^^ "^ ^^ ^^ ^^ ^^ *^^ *^ ^^ ^^ ^^ ^^ *^ **^  
n-7.5 The components ofthe homogeneous svnthetic mixture 5 
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The homogeneous synthetic mixture 5(SM5) was used for determining FeOOH in 
the presence of the FeS2 and FeS • 
(1) pure FeOOH , FeS2 and FeS were diluted with KBr such that the resulting mixture 
contained 46.63 , 61.02 and 69.56 mg/g of these species , respectively . These 
mixtures were used for the next step . 
(2) four types of SM5 in KBr matrix were prepared as shown in Table A.II.7.1e . 
Table A.II.7.1e The components of SM5 mixtures 
Code FeOOH ‘ FeS2' FeS ' 
mg/g mg/g mg^ 
SM5-1 2.572 0 0 
SM5-2 2.101 3.642 0 
SM5-3 2.130 0 4.942 
SM5-4 2.042 2.354 2 £ ^ 
II-7.6 The components of the homogeneous svnthetic mixture 6 
The homogeneous synthetic mixture 6(SM6) was used for determining FeS2 in 
the presence of the FeO . 
(1) pure FeS2 and FeO were dilute with KBr to 55.78 and 83.15 mg/g of these 
species , respectively • These mixtures were used for the next step . 
(2) four types of SM6 in KBr matrix were prepared as shown in Table A.II.7. l f . 
Table A.II.7. lf The components of SM6 mixtures 
Code FeS2' FeO' 
mg/g ml& 
SM6-1 3.533 0 
SM6-2 2.771 4.034 
SM6-3 2.363 5.985 
SM6-4 1.617 7.504 
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Appendix II-2 
Data for the calibration graphs of the standards for Chapter 6 
TI-8.1 Data for the calibration graph 0fFeS9 for SM1 
Weight (mg) ^^ Q6o.i6,424.6i I Q13.90,765.50 
0.3822 0.5316 
0.4923 0.6729 
0.6242 - 0.8763 
0.7402 1.018 
0.7554 1.080 
1.023 — 1-459 
1.248 1-844 
T 5 4 2 2.223 
The standard error ofestimate for the regression equation(5'J 0.023 
The standard error of slope for the regression equation(^J 0.022 
II-8.2 Data for the calibration graph 0fFe7Q^ for SM2 




0.3521 “ 0.4913 
0.4355 0-6070 
0.5599 0.7669 
^ 5 0 8 Q.9Q31 
The standard error of estimate for the regression equation {S^) 0.0053 
The standard error of slope for the regression equation(5J 0.0013 
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II-8.3 Data for the calibration graph ofFe^O^ for SM3 








" y ^ l 7 lQ5081 
The standard error ofestimate for the regression equation(^J 0.0021 
The standard error of slope for the regression equation(5J 0.0047 
II-8.4 Data for the calibration graph ofFeOQH for SM4 
Weight (mg) '^^ 894.15,915.68 丨 ^ 457.4,1474.3 








The standard error ofestimate for the regression equation ( 5 J 0.0076 
The standard error of slope for the regression equation(&) 0.011 
II-8.5 Data for the calibration graph ofFeOOH for SM5 
Weight (mg) ^^ 7^88.55.808.99 丨 M457.4,1474.2 







T 0 5 2 0.7432 
The standard error of estimate for the regression equation(*S'J 0.0068 
The standard error of slope for the regression equation (¾) 0.0094 
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TT-8.6 Data for the calibration graph of FeS? for SM6 
Weight (mg) ^^ 7^04.76,723.49 丨 ^ 4 4 2 . 6 0 , 4 2 3 . 9 4 
"53691 ^ 7 8 8 
0.4777 — 0-6121 
"^6060 — 0.7537 
^.7110 0.8880 
T7504 0.9376 
0.9958 — 1.258 
T 2 O l 1.488 
~ 5 1 6 I 1.904 
The standard error of estimate for the regression equation {S^) 0.011 
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